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Designed especially for automati- 
cally monitoring X-ray spectra, the 
Model N-1281 offers: 


® Stability better than 0.25% per 
day 


® Better than 1% linearity 


® Monitoring of 3 KeV X-ray through 
high energy gammas_ without 
recalibration 


® Analog, digital, punched paper 
tape 5 or 8 line hexidecimal code 
readouts 


The N-1281 incorporates both a linear 
rate meter coupled with a recorder and a 
decade scaler. This combination allows 
the X-ray spectrum to be scanned rapidly 
to locate energy peaks which may then be 
spot counted for maximum accuracy. 


Systems now in daily use have proven 
that Hamner instrumentation can provide 
the outstanding stability and sensitivity nec- 
essary for accurate X-ray spectra measure- 
ment. 


FOR FULL INFORMATION PLEASE 
WRITE TO DEPARTMENT X. 


Opportunity for Physicists or Engineer 


This fast growing organization has openings for 
engineers experienced in Nuclear Laboratory 
Instrumentation & Design. Salary commensurate 
with experience. 


Hamner 


Eleetronies Co.. Ine. 
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Catalog. P. O. Box 531, Princeton, N. J 
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B&W’s Critical Experiment Laboratory in- 
cludes three complete critical experiment re- 
actors, a pool test reactor, hot exponential fa- 
cility, control rooms, laboratories, and shops. 


Critical experiment core for Critical experiment core for 
the nuclear merchant ship re- ; the thorium conver*er reactor 
actor (N.S. Savannah). designed and being built by 
B&W for the Consolidated 
Edison Company of New York 
(Indian Point). 
This hot exponential facility 
duplicates the temperatures 
and pressures of operating 
power reactor cores. 





B&W-designed control panel for one Critical experiment core for the Liq- 
of its critical experiment bays. = uid Metal Fuel Reactor Experiment 
(LMFRE). 


THE KEY TO OPTIMUM CORE DESIGNS 


The key to your reactor design problems may —_—urements. Empirical data can be developed to, 
be the Critical Experiment Laboratory of The —_meet your reactor core design needs. 

Babcock & Wilcox Company. To help solve Write for a copy of AEB-8, “B&W and 
your problems, B&W’s staff offers unsurpassed Nuclear Power Development’. The Babcock 

experience in the conduct and utilization of | & Wilcox Company, Atomic Energy Division, 

critical experiments and hot exponential meas- _161 East 42 Street, New York 17, New York. 


THE BABCOCK & WILCOX COMPANY 
ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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ROLLED TO 2-MIL FOIL WITH 95% RECOVERY 


Another example of 
M&C’s technical 
skills in the 


nuclear industry 


To advance reactor design, better data on U?%> cross sections were needed. 
Transmission measurements using a neutron beam from the Brookhaven reactor 
required uniform 2-mil foils of extremely high enrichment. Requirements de- 
manded that it be rolled from a broken Uranium button weighing 42.19 grams. 


It was a breathtaking responsibility, and a demanding test of technical com- 
petence. Just how we did it is top secret at M&C. The point is, we rolled the foil 
within tolerances of +0.00025 inches and recovered over 95% where every gram 
was worth a king’s ransom. 

Here is demonstration again that M&C Nuclear has the experience, engineering 
know-how, and manufacturing facilities to justify your confidence in M&C as 
a supplier of fuel elements, core components, and complete cores. A new bulletin 
is available. Write for your copy today to M&C Nuclear, Inc., P. O. Box 898, 

Attleboro, Massachusetts. 
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Gaging the Dose 

Competent observers see a great 
future for radiation in industrial proc- 
essing (NU, June ’59, p. 114). The 
heavy investment by both government 
and industry in such applications as 
food sterilization, rubber vulcanization 
and crosslinking of plastics, bears this 
out. 

Both for the large-scale applications 
of radiation that will someday be with 
us and for the research studies that 
must necessarily precede them, it is im- 
portant to be able to measure radiation 
The 
same richness of phenomenon in the 
with matter 
intriguing 


dose accurately and conveniently 
interaction of radiation 
that has opened so 
paths for the application of radiation 
a plentitude of 
In the 
on high-level dosimetry 


many 


has also resulted in 


dosimetric methods. NUCLE- 
ONICS report 
that is presented in this issue, the full 
systems 1s 


the 


range of these dosimetry 
tabulated 


classic ferrous-ferric dosimetry of Fricke 


and discussed. From 
to the promising luminescence degrada- 
tion techniques that Attix discusses, 
from systems based on counting bac- 
teria to systems counting electrons 
all are included here. 
Associate Editor Hoby 
man behind this comprehensive report, 


Ellis is the 


which was coneeived more than a 
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year ago when he and several others 
interested in radiation dosimetry 
gathered around a table to 
discuss what the field needed 

We feel no need to encourage the 
radiation specialists among you to read 


dinner 


this report—it is required reading for 
them. But for those of you 
first love is nuclear fission and power 


whose 


reactors we would urge at least perusal 
of this report. NUCLEONICS is founded 
on the thesis of a community of nuclear 
interests and we believe this wholeness 
will be borne out by the unexpected 
benefits that will flow from improved 
understanding of how radiation can be 


measured. 


A Message in the Noise 


In his “‘ Murders in the Rue Morgue 
Edgar Allen Poe has his hero decide 
that the murderer is not a man but an 
ape because his babble proved unin- 
telligible to listeners of several different 
tongues. For the skilled 


there is a message even 


native in- 
vestigator 
where others would hear only noise. 
Extraction of messages from nois) 
backgrounds has been a subject of in- 
tense interest to information theorists 
men like Norbert Wiener and Claude 
Shannon Now 
the techniques are coming into their 


for at least 15 years. 
own in the nuclear field—witness the 
excellent discussion of stability meas- 
urements in EBWR on p. 102 of this 
issue. The little 
more than listening to the neutrons 


work is based on 


hum, but from it comes real insight into 


how EBWR works. 
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Jordan and Bell. 
who first started counting scintilla- 


Those of you 


tions during the past five years 
probably think of scintillation 
counters as an off-the-shelf, pre- 
packaged item. It was not always 
In 1949 the postwar revolu- 
tion in scintillation counting that 
stemmed from Kallmann’s work on 
naphthalene was in full vigor. A_ 
conference devoted entirely to scin- 
tillation counters was held in Oak 
Ridge in June, 1949; NUCLEONICS’ 
report on that conference, written 


80. 


by two pioneers in the field, is 
worthwhile reading for those who 
like a bit of insight with their pre- 
packaging.—W. H. Jordan, P. R 
Bell, NuCLEONICS, Oct. ’49, p. 30. 
Momentous nuclei. A property of 
the atomic nucleus that is generally 
ignored as a concern of the nuclear 
industry is its magnetic moment. 
This in spite of the fact that the 
sharp nuclear magnetic resonance 
lines that can be observed when the 
nucleus is placed in an external 
magnetic field have proved to be a 
useful analytical tool. Perhaps we 
should ignoring any phe- 
nomenon that provides a “‘handle’’ 


not be 
on the nucleus. An introductory 
article in the October, 1949 issue of 
NUCLEONICS can start you off on 
the subject F. Bitter, NUCLEONICS, 
Oct. 749, p. 16 


Coming Features in 
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Next Month 

Organic-M oderated 
Three-Part Report 

PWR Waste-Disposal Experience 


Reactors—A 


Test-Reactor Futures-—-A Panel 
Discussion 


Buyers’ Guide 

Later Months 
Dresden Nuclear Station 
Luminescent Chambers 
Clean Up at NRU 
Water-Logged Fuel 





FLIGHT FORGINGS 


BY CAMERON 
WHEN DEMANDS ARE CRITICAL 


The Cameron split-die forging process has cre- 
ated a new concept in forged components that 
fly. Parts which must handle new extremes in 
temperature and mechanical stress are now in 
routine production at Cameron. As an added 
benefit interesting economies result from savings 
in the critical materials, often in short supply, 
which are specified for these important parts. 


Forging of a Refractory Throat for 
Missile 
Material: Tantalum 90% 

Tungsten 10% 
Outside Diameter of Large End: 6.25” 
Height: 4” 
Outside Diameter of Small End: 5.25” 
Weight: 42.25 lbs. 


Forging of a J-93 Front Turbine Shaft for 
Aircraft Gas Turbine Engine 

Material: Waspalloy 

Diameter of Conical End: 23.38” 
Diameter of Hub End: 6.50” 

Length: 27.68” 

Weight: 430 Ibs. 


lf your forging demands are 
critical, write, call, or come by 


Our facilities are complete through every pro- 
duction phase. We melt many of our own 
special alloys, bloom, forge, heat-treat, and per- 
form machining operations when required. Each 
of the shapes below was a problem when 
presented to our Special Products Division. They 
are now current production items, adding to our 
ever-increasing list of extreme service solutions. 


Forging of Turbine Rotor Stub Shaft for 
Nuclear Jet Engine 

Material: A-286 Steel 

Outside Diameter of Cone End: 33.687” 
Outside Diameter of Shaft: 10.375” 
Height: 44.875” 

Weight: 1150 lbs. 


Forging of a Liner — Exit Cone Missile 
Material: Unalloyed Arc Cast Molybdenum 
Diameter of Large Conical End: 10.50” 
Height: 12.89” 

Diameter of Small Conical End: 6.75” 
Weight: 104.5 lbs. 


tice), me fe). 1. Sel, lon 
SPECIAL PRODUCTS DIVISION 
f oO Box 1212 Houston Texas 








BARNSTEAD 


BANTAM 
DEMINERALIZER 


DOES 5 WATER 
PURIFICATION JOBS 
EMPLOYS 5 
INTERCHANGEABLE 

CARTRIDGES 


BANTAM 





PRESSURE 
BANTAM 


STANDARD CARTRIDGE Produces ion free 
water at minimum cost . . . removes 1500 
grains as NaCl (1300 as CaCQ3). 


MIXED RESIN CARTRIDGE For operations 
demanding better than 1,000,000 ohms 
resistance and neutral pH. Cartridge ca- 
pacity is 1230 grains as NaCl (1050 at 
CaCO;). Approximately 34 of cartridge 
capacity is million ohm water or better. 
ORGANIC REMOVAL CARTRIDGE Removes 
organics, organic liquids and gases that 
would pass through a demineralizer. Ef- 
fective in removing chlorine. Ideal for 
pre-treating demineralizer feedwater, for 
self-purifying high purity rinse systems 
and other processes where organics or 
odors in the water are objectionable. 
OXYGEN REMOVAL CARTRIDGE Developed 
for cooling water loops where it is impor- 
tant to maintain low oxygen content to 
prevent corrosion. Cartridge removes one 
part per million of dissolved oxygen from 
2500 gallons of water, or 6.8 liters (9.7 
grains) of oxygen at standard temperature 
and pressure. 
CATION CARTRIDGE Provides (1) precious 
metals recovery, (2) radio-active isotope 
recovery, at low cost, (3) also useful for 
removing volatile amines where heating 
plant steam condensate is being used as 
the feedwater for a Still, and (4) where 
close control over the pH of water is nec- 
, the cation cartridge in its ammonia 
or lithium form is effective. 


BB Write for Literature 
arnste 


STILL AND STERILIZER CO. 


34 LANESVILLE TERRACE BOSTON 31, MASS. 











INUCLEAR REACTIONS 


|Stainless vs. Zircaloy 


Dear Sir: 
| In the article ‘‘Which for Mini- 
| mum Fuel Cost—Zircaloy or Stainless 
Clad?” in the July 1959 
| NUCLEONICS (p. 64), we would like to 
| point out that the conclusions reached 
|on the economic advantage of zircaloy 
over stainless steel cladding are not as 
clearcut as may be inferred from th« 
article. Re-evaluation of the 
assumptions will not only change th« 
absolute values of the fuel costs, but 
|also the relative economy of the two 
materials. As an example of this, 
leaving the uranium rental at 4% and 
using the values given by the authors 
for the other will move the 
‘breakeven point’? from 5,000. to 
12,000 Mwd_ ton in the curve of pos- 
sible future U. S. costs. See Fig. 1. 
Beecher and Benedict 
Euratom prices for fabrication cos s of 
$100 and $140 per kg of uranium 
contained for stainless and zircaloy 
respectively. However, the Euratom 
quotes increase to $128 and $176 per 
kg of uranium contained at a burnup 
of 12,000 Mwd/ton. These last fig- 
ures are a much more realistic assump- 
tion to make at the present time. On 
this basis, and using the present 
uranium rental of 4% (a figure likely 
|to remain constant), the ‘breakeven 
| point” is advanced to approximately) 
| 14,000 Mwd/ton for plutonium prices 
‘in the range from $12 to 30, gram 
This results in an appreciable differ- 
|ence from the values given in the ar- 
ticle. See Fig. 2. 
Should future 
|ments allow the use of non-free-stand- 
jing stainless-steel cladding, the 
richments required for stainless steel 
will be appreciably reduced, resulting 
in a considerable savings in fuel cost. 


issue of 


cost 


COS ce 


have used 


technical develop- 


en- 


| On this basis it can be shown that 
| stainless steel is more economical even 
beyond 25,000 Mwd/ton; see Fig. 3. 
The inferences of the term “break- 
leven point” are also misleading, 
| causing the reader to neglect other con- 
siderations based on physical proper- 
ties. At the ‘breakeven 


point,” stainless steel would still be 


so-called 


the preferred material because of its 
safety aspects and actual operational 
history. Stainless 
gradual reduction in strength with in- 
creasing temperature than does zir- 
caloy, an important characteristic 
| during high temperature 


steel has a more 
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conditions in the reactor. Then too, 
it is not plagued with the hydriding 
problem that renders zircaloy suscepti- 
ble to embrittlement after long life- 
time in the reactor. Furthermore, the 
potential threat of the zireconium-water 
reaction with its consequent energy 
release May necessitate an increase in 
vapor container requirements. 

The state of the art is such that a 
decision can only be made fer each 
particular reactor application and at 
the time the reactor is to be used. 
The differences between the various 
curves (Figs. 1 and 2) are so small that 
the breakeven point can shift sig- 
nificantly with a minor variation in 
parametric conditions. In any event, 
we feel that with such small differences 
stainless steel is generally the preferred 
choice because there are fewer tech- 
nical uncertainties in its manufacturing 
and subsequent operation. 

W. J. Dotuarp and 


R. von Houien 

Application Engineering Atomic Power 
Department—Forest Hills 
Westinghouse Electric Corporation 
Pittsburgh, Pa. 


October, 1959 - NUCLEONICS 





SCALERS « RATE METERS ¢ AMPLIFIERS ¢ MONITORING SYSTEMS « 


new Victoreen 


MINOMETER I 


To D or Not to D 
Bear Sir: 


I reab with interest the tadle entitleb 
‘Nucleonics Statistics of the Month”’ 
on p. 28 of the August 1959 issue. 

Somedoby pulleb a dig doner!!! 


—I. DrussEL-SMITH 
Millwoob, N. Y. | 


Bear Sir: 


We noteb your August issue and | 
founb it most interesting. The section | 
“Nucleonics Statistics of the Month” 
was belightful. Bib you set the type 
for this section immebiately after the 
ANS cocktail party or was it probuceb | 
dy a cross-eyeb typesetter that bib not 
care if a “b” was a “d” or couldn’t | 
tell the bifference? 

—Epwin E. SToKELY 
Oak Ribge, Tennessee 


EBITORS NOTE: 
Inbeeb ’tis sab, anb we are dlue; 
‘Twizt ebiting anb bummy glue, 
Somehow we've mabe a dab doodoo— 
Mayhap this dalmy danb now botes! 


While we pudlish in the heat, 
’Tis goob we were a dit biscreet 
Anb bibn’t this mistake repeat 
As Bugway or “‘Inbustry Notes.” 


Dosimetry Comments 
Dear Sir: 


I read with great interest your ar- | 
ticle “ . . . Pocket dosimeters? Film | 
badges? . . . or both?” (NU, May’59, | 
p. 116). As I am in charge of a oat 
sonnel monitoring program, I also gave | 
much thought to this matter and! 
should like to make the following} 
comments: 

1. An important feature of the film | 
badge method, not mentioned in this | 
symposium, is its great flexibility. 
Ranges can be altered by using other 
films; new types of film and modified 
development techniques can be intro- 
duced. Even if the badges are to be 
replaced by other ones, the cost will 
be low. Thus adaptation to new 
methods does not meet with much 
objection, whereas pocket dosimeters 
cannot be modified .and replacement | 
is expensive. | 

2. The discussion did not involve in- | 
direct-reading pocket chambers. These | 
are much cheaper and more rugged 
than the direct-reading instruments 
with their built-in electroscope. More- 
over, like films, they are evaluated 
by an objective third party. Yet, 
contrary to film dosimetry, the results 
can be obtained with a minimum of 


(Continued on page 117) | 
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¢ 20 or 200 mr full-scale with standard 
200 mr pencil 


y Meter-indicating 
y 4 inch mirrored-illuminated scale 


y Charge on any Minometer II, read on 
any other Minometer II 


y Increased accuracy 
y Greater convenience 
y Transistorized circuitry 
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The first of a new generation of high power linear acceleraters 
High beam power at 10 Mev and beyond from ARCO L-band Linac 


The ARCO L-band accelerator may be seen in actual operation at ARCO’s Walnut Creek, California plant. Come and see it perform. 


A new theoretical concept, developed by ARCO 
physicists, now proved beyond question. 

First use of the lower L-band frequencies; higher 
power at lower cost. 

A sweeping redesign of accelerating waveguide 
structures, radical with respect to conventional 
approaches. 

Dependable Litton Industries L-band klystrons 
and other high-reliability production model com- 
ponents. 

Accumulated experience of the world’s largest de- 
signer-builder of electron linear accelerators. 
Above are the basic ingredients which produced the new 
high energy, high power ARCO L-band linac—available 
now for unique experimentation or investigation, or prac- 
tical, low cost per kw-hr radiation processing. 

Data produced during exhaustive theoretical design and 
experimental testing on the first ARCO L-band machines 
are so conclusive that construction contracts in excess of 
$3,000,000 have been awarded for ARCO L-band accel- 


erators. 


\PPLIED 
TIADIATION 
TAORPORATION 


A major advantage of the new machine is that it is not subject to 
the limitations (such as pulse shortening) in peak and average 
beam power levels that have plagued performance of earlier ma- 
chines. Pulse shortening above the 4 kw level has been eliminated, 
despite output many times that of previous linacs. Performance of 
the new L-band machine shows that high power can be obtained 
even at energies up to 80 Mev. 


Purchasers and engineers who have inspected the new ARCO 
machine believe it will usher in a completely new era in research 
and processing. 

In research, the ARCO L-band machine makes possible exotic 
physics experiments such as neutron time-of-flight studies using 
flight paths up to 4% mile in length. It greatly extends the range 
of experiments possible in single pulse radiation effects studies. 
It also permits measurement of transient effects in neutron mul- 
tiplying assemblies. 

In industrial processing, the higher performance and correspond- 
ing reduction in cost per kw-hr. are expected to make practical 
many applications which have looked promising in the labora- 
tory but have been ruled out by high operating costs. Examples 
are polymerization processes, reforming of petroleum fractions, 
modification of polymers as in cross-linking, grafting and vul- 
canizing and commercial production of isotopes. 


Data on the new ARCO L-band accelerator awaits your letter. 
Specific proposals appropriate to your application can be pro- 
vided quickly and comprehensively. Your inquiry is invited. 


World’s largest manufacturer of linear electron accelerators 


.eR Walnut Creek, California * YEllowstone 5-2250 * Cable “ARCO” 


Jepartment |0-N 
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N. S. “Savannah,” the first nuclear powered passenger-cargo vessel, carries Asarco 
shielding lead aboard as protection against radiation. (Photos through the courtesy 
of the builder, New York Shipbuilding Corporation—Camden, N. J.) 


TRAINING LEAD FOR ATOMIC DUTIES 


ASARCO has long been a major factor in 
the mining, smelting and refining of lead. 
ASARCO’s Federated Metals Division is a 
principal fabricator of lead in the many 
forms required by radiological, chemical, 
refining, construction, plumbing and other 


industries. 


ASARCO’s Central Research Laboratory 
at South Plainfield, N. J., is one of the 
world’s centers for lead research. Here, 
Federated products undergo constant test- 
ing. new products are developed, and pure 


research learns more about the basic prop- 


erties of lead. Here too, a special group of 


ASARCO atomic engineers help work out 


designs and shielding methods of major 


applications. 

ASARCO’s Lead Research Laboratory also 
produces High-Purity Lead (with impurities 
that can be measured only in parts per 
million) which, along with Bismuth, Copper, 
Cadmium, Indium and Silver of compar- 
able purity, is supplied to the Atomic in- 
dustry and to laboratories throughout the 


world. 


Today, the millions of pounds of ASARCO 
lead products supplied for the atomic era 
are backed by the working knowledge and 
technical data that comes only from long 


and thorough experience with lead. 
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a report by LINDSAY 


Brought out of obscurity several years 
ago because of its exceptional promise, 
newcomer thorium is slated to achieve 
importance as a fertile material along 
with the veteran, uranium. Actually, 
some of its properties have led several 
sage talent scouts to predict that tho- 
rium will outshine uranium as a fertile 
material long before the latter has 
passed its prime. 

Such predictions are based not so 
much on the properties of thorium, as 
on those of the fuel produced as a re- 
sult of its irradiation. The fact that 
U233 has a neutron yield considerably 
higher than that of either U2*° or Pu> 
makes possible the operation of reac- 
tors using thorium for the fertile mate- 
rial at conversion ratios close to, if not 
exceeding, 1.0. 

This permits substantial neutron 
economies due to the need for less re- 
activity control. It decreases the need 
for so many control rods and housings; 
and, of course, it decreases fuel burn- 
up costs measurably. 


CAN GO THE DISTANCE 


Assuming that fuel elements capable 
of withstanding the radiation damage 
can be produced, thorium also opens 
the way for consideration of fuel ele- 
ments which could operate for 20,000- 
30,000 MWD /T. Even longer reactiv- 
ity lifetimes could be anticipated if 
conversion ratios approximating 1.0 
could actually be achieved. 

As with all rookies, thorium has 
some unanticipated problems associ- 
ated with its use. U2", a by-product of 
thorium irradiation, decays, through 
Th??8, to a series of daughters which 
results in both the fuel and fertile ma- 
terial being radioactive. When com- 
pared with the use of clean, enriched 
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uranium, this appears to be a serious 
disadvantage. Yet, when compared 
with the prospect of recycling the Pu 
and re-enriching the uranium which 
would come from uranium plants, the 
problems of dealing with the thorium 
cycle appear to be little if any more 
difficult. 

Some fuel managers have been 
clever in planning fuel cycles using 
natural and slightly enriched uranium 
and if these prove to be real winners it 
would make sense to go along with 
them. Actually, some studies show that 
almost competitive nuclear power can 
be achieved by use of natural and very 
slightly enriched uranium, based on 
relatively short fuel lifetimes and con- 
siderable fuel juggling . . . like playing 
games with three pitchers, each of 
whom pitches three innings. 


PLEASE ADDRESS INQUIRIES TO 
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But is all this really necessary? The 
problems associated with the use of 
thorium are finite. The list of advan- 
tages and the promise are impressive. 
A little work and a lot of development 
could prove out thorium as the opti- 
mum fertile material for most reactors. 
Admittedly, considerable effort will be 
required to develop this youngster 
fully, but... this is no time to send our 
bonus baby back to the minors. 





Actually, of course, thorium is no 
“rookie.” We at Lindsay have been 
working with thorium compounds for 
nearly fifty years for a variety of indus- 
trial applications. We have ample pro- 
duction to meet any anticipated re- 
quirements and can supply to qualified 
people a considerable amount of data 
on thorium as a nuclear fuel. 


American Potash & Chemical Corporation 





272 ANN STREET, WEST CHICAGO, ILLINOIS 


OFFICES: CHICAGO * LOS ANGELES * SAN FRANCISCO * NEW YORK * PORTLAND (ORE.) * ATLANTA * COLUMBUS (0.) * SHREVEPORT 
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CRL manipulators... 
AS OBEDIENT a YOUR HAND! 


Slave ends of CRL Manipulators obey 
perfectly —duplicate the natural motions 
of the operators’ hands—make operation 
of the system amazingly simple. An oper- 
ator becomes perfectly adept with practi- 
cally no training. 

Simplicity of operation is only one of 
several reasons research and production 
organizations all over the world specify 
CRL Manipulators. The system is versa- 
tile. Accessories such as special-purpose 
tongs, load hooks, motion locks, and pro- 
tective booting allow adaption to a great 
variety of purposes. A continuous program 
of improvement . . . uncompromising work- 
manship . . . and standardized, interchange- 
able parts provide more reasons why you 
should consider CRL Manipulators for 
handling hazardous materials. 

Central Research Laboratories will be 
glad to advise you on the handling of 
radioactive materials, explosives, hazard- 
ous chemicals, biological materials—in the 
layout of hot cells—in other research areas, 
too. For complete information, write CRL 
today. 
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Central Research 

Manipulators from basic ‘nla 

Argonne National 

Laboratory design laboratories, inc. 


Red Wing, Minnesota, Dept. 1(1 
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NEW LOOK IN NUCLEAR SUBS .. . The Navy’s 
new submarine Skipjack, built by General Dynamics 
Corporation’s Electric Boat Division in Groton 
Connecticut, features a revolutionary blimp-shaped hul 
and diving planes on the sail (formerly known as 

the conning tower). Although her speed is classified, 
Skipjack is the fastest of the A-Subs. 
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“HYDROFORGED” 


FINE-GRAIN 
STAINLESS PIPE FOR 
THE NUCLEAR NAVY* 


THE PROCESS: The starting point is a high quality machined hollow billet 
made centrifugally which is cold expanded by hydrostatic pressures up to 50,000 
PSI in specially designed massive metal dies. After “hydroforging”, the pipe is 
given a recrystallizing anneal which results in the grain refinement character- 
istic of wrought stainless steel. 
THE PRODUCT: After final machining of the O. D. and I. D. surfaces to 125 
micro inch finish, the pipe is subjected to all the testing requirements of Military 
Specification MIL-T-18063A (Ships) which covers seamless austenitic steel tubes 
and pipe intended for radioactive system service. This specification includes: 
chemical analysis, tensile properties (for Type 304 stainless steel—75,000 PSI mini- 
mum tensile strength, 30,000 PSI minimum 


yield strength, 35% minimum elongation), 
expanding and flattening tests, hydrostatic 
pressure test, intergranular corrosion test, 
macro-etch, ultrasonic and liquid penetrant 
examination. 


*K U. Ss. NAVY SERVICE APPLICATIONS 
FOR HYDROFORGED STAINLESS INCLUDE: 
Pipe for valve operating system reservoirs and primary water 
preheaters 

Primary coolant piping for nuclear submarines and surface 
ships 

Seamless welding fitting stock for large diameter reactor 
piping systems for submarines and surface ships 





Demineralizer shells 





“T wish I could have done something to help...” 


You can do something 

about traffic accidents! Drive safely yourself—obey the 
law. Sure. But you can do a lot more! Traffic accidents affect everybody. 
Reducing them is a community problem. Its solution calls for systematic, 
organized effort and cooperation with public officials —for teamwork and 
leadership. Here is where you can help. Join with others who are working 
actively to promote safe driving and secure strict enforcement of all traffic 
laws. Make your influence count. Support your local Safety Council! 


@ @ 


Where traffic laws are strictly enforced, deaths go DOWN! 


Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 
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With a 
=A C &’ Computer you can 
LAUNCH A 
MISSILE... 
simulate 
any dynamic problem! 
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EAI 


New solid-state computer and desktop X-Y plotter. 
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Key factors encountered by a missile in space 

are being simulated on this PACE Analog Computer. 
By turning a dial, engineers can study reaction 

and performance of materials under varying 
stresses and temperatures. 


The PACE Analog Computer is helping industry, 
science and the military to take the guesswork 

out of design. With this versatile tool, engineers gain 
insight into the operation of complicated systems 
and processes. They obtain an accurate, 
instant-by-instant picture of performance under 
dynamic conditions. They can experiment with new 
ideas and techniques without interrupting 

normal production, and they can accurately predict 
safety factors and performance before 

equipment is built. 


To demonstrate the value of analog computers 

and to aid in solving your complex engineering 
problems, EAI operates three Computation Centers. 
Here, experienced EAI analog specialists use 

the most advanced techniques and equipment in 
providing sound, workable solutions to your most 
difficult problems. This Computation Center service 
is available at a low rental rate. For additional 
information, write for Bulletin CC-82l.a 
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Electronic Associates, the world’s largest 
manufacturer of general purpose electronic analog 
computers, offers a complete line of analog 
computing equipment and accessories. 

If you would like information on how actual 
problems were solved with PACE Analog Computers, 
mention your field of interest and we'll send 
appropriate literature. 


Outstanding career opportunities for engineers 
with proven ability —résumés invited, 


ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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A reactor company’s ability to gain the best solution with a given set 
of design parameters is proportional to the quality of its experimental 
physicists. This is why NDA maintains an experimental physics group 
that has gained a wide reputation for quality and productivity. 

This group’s working tools include the Pawling Research Reactor and 
critical facility, a major mathematics center with Datatron Computer 
and a hot lab (10,000-curie capacity) for chemical confirmation of the 
experimentalist’s work. In addition to use of its own facilities, NDA has 
carried out programs based on the high neutron fluxes available at the 
National Reactor Testing Station in Idaho 


- X “ 
er 


Gamma Ray Experiment 


NDA's experimental physics group conducts complete reactor core 
and shielding physics programs. It also addresses itself to specific 
problems such as exponential and single cell experiments, reactivity 
value studies and related projects to which the experimental physicist 
brings unique insights and skills. 

Working for itself and others, NDA participates in reactor develop- 
ment on a broad front. As a result, it offers unusual opportunities for 
experimental physicists and other reactor scientists and engineers 
to grow with the company and the industry. Write for employment 
information 


a complete reactor company 


NIDy\ NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. 


TEL. WH. 8-5800 


NDA EUROPE 31, Rue du Marais, Brussels, Belgium 
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SmORUR) BORER 


of Key Developments in Nucleonics 


Westinghouse Offers Guaranteed-Price A-Power 


Westinghouse hit the hard-sell trail last month with a bold offer to 
utilities to build nuclear power plants at guaranteed cost. 

The pioneering firm laid its reputation on the line by offering to 
“guarantee the manufacturer's controllable costs: plant capital cost, 


plant capability, and fuel burnup. 
Having these guaranteed, the cost 
of energy to the utility is directly a 
function of: plant load factor, in- 
dividual annual charges, and opera- 
tion and maintenance costs—all of 
which the utility can control.” This, 
observers felt, was about the closest 
that nuclear power had yet been 
brought to treatment as conven- 
tional power. 

Westinghouse, which has long 
been expressing the view that pres- 
surized-water and boiling-water re- 
actors will eventually merge into a 
single type having the best features 
of both, has now abandoned the 
terms “pressurized” and “boiling” 
and is diaing reactors of both kinds, 
calling them “closed-cycle” and 
“direct-cycle” respectively. 

The three reactors that Westing- 
house salesmen are packing in their 
sample cases are: 

1. The Combination Plant, using 
both nuclear and fossil fuel, was de- 
signed around a modern, 225 Mw(e) 
catalog-item turbine using steam at 
1,800 psi, 1,000° F and 1,000° F 
reheat. A direct-cycle boiling re- 
actor produces 2,115-psi dry satu- 
rated steam; a steam separating 
drum passes steam on to the super- 
heater and returns water (and tur- 
bine condensate) to the core, which 
contains 26% tons of 2%-enriched 
uranium-oxide pellets. The super- 
heater can be fired with coal, ie 
gas, and contributes 220 Mw/(th) 
against the reactor’s 8300 Mw/(th) 
to the plant’s 225 Mw(e) net power 
output. 

Power cost is estimated at 7.3 
mills/kwh: 3.4 mills capital invest- 
ment, 2.7 mills fuel (based on 30¢/ 
million Btu oil for superheater), 
0.5 mills land, interest, other fixed 
charges, and 0.7 mills operation and 
maintenance. Westinghouse will 
build this plant, starting today for 
completion in four years, for $4.5- 
million research-development costs 
and $45-million capital costs. 

2. The Integral Boiling and 
Superheat Reactor (IBSHR) is a 
long-range project—a 20-Mw(e) 
pilot plant is pro for now, 
leading to a 200-Mw/(e) scale-up to 
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operate in 1975. This is a graphite- 
moderated pressure-tube _ reactor 
with a central boiling and peripheral 
superheating region. (The — 
ment is opposite from that in the 
water-moderated Northern States in- 
tegral superheating reactor now 
under construction). The small 
pilot plant would deliver 850 psi, 
900° F steam. 

Westinghouse will built the pilot 
plant for about $11.3-million re- 
search-development money, about 
$17-million capital cost. This one 
is not covered by the guarantee, 
but it does promise the most econ- 
omy in the more distant future, the 
company Says. 

3. The 330-Mw  Closed-Cycle 
Plant, which is clearly Westing- 
house’s favorite, is a five-loop scale- 
up of Yankee based, the bem ex- 
plains, on the facts that there is 
economy in large reactors and that 
the closed-cycle plant is the most 
proved type to as, (It’s called 
closed-cycle instead of pressurized- 
water because there is nucleate boil- 
ing in the core, but there is a pres- 
surizer in the primary loops.) It 


profits from improved vessel-fabri- 
cating technology with a 300-ton 
reactor vessel 41 ft high, 12 ft id., 
of 10-in. thick carbon steel clad 
with stainless. 

Uranium oxide pellet fuel in stain- 
less-steel or zircaloy tubes is ar- 
ranged in three zones: 2.1% enriched 
in the center, 2.6% in a surrounding 
ring, and 2.9% in the peripheral 
zone. Loading is in three cycles, 
after each of which the central zone 
elements are removed, the two outer, 
partially-burned zones moved one 
res inward, and fresh 2.9% en- 
riched elements added in the outer 
ring. This is said to provide uni- 
form heat rate, fewer control rods, 
less expensive fuel, and more kilo- 
watts per fuel load. 

The five steam generators supply 
4¥%-million lb/hr steam to the tur- 
bine at 650 psi, 495° F, dry and 
saturated. 

Power cost is put at 7.3 mills/ 
kwh: 3.3 mills capital cost, 3.0 mills 
fuel, 0.5 mills fixed charges, 0.5 
mills operation and maintenance. 
Westinghouse will build it for $4.4- 
million research-development cost, 
$68-million plant cost ($206/kw 
installed). 

Two teams of Westinghouse sales- 
men will present these three plants 
to 100 U. S. utilities in the next 
three months, then will visit Europe 


and Japan. 


Santa Fe firm to produce enriched U commercially 
Thor-Westcliffe Research, Inc., Santa Fe, N. M., has asked AEC 
for the necessary licenses to go into production of enriched uranium 
with a prototype gas-centrifuge facility near Pittsburg, Kan., early 
in 1960. Estimated throughput of the prototype would be 6 gm/ 


min uranium hexafluoride (UF,) feed material. 


It would be the 


first privately-owned uranium-isotope separations plant in the U. S. 
Its first customer may be Spencer Chemical (see page 27). 

Officials of the company said they have negotiated an exclusive 
North American processing and patent arrangement with Prof. 
Wilhelm Groth of Bonn Univ., Germany (NU, June '59, 23), 
who is “the only man in the free world” successful in separating the 
isotopes of uranium with a non-gaseous-diffusion process. Seven 
of Groth’s gas centrifuges have been ordered, the firm said, for 
installation in a 4-2-1 cascade system. 

Major goal is full-scale commercial production, sometime in 
1961, of 2.1-2.5%-enriched U at an annual rate of about 50,000 kg. 
Licensing clearances sought from AEC include: one to possess 
UF,; one to produce enriched-U; one to build the facility; and 
one to import the centrifuges. The company said there was no 
question that it could produce cheaper enriched U than AEC. 
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NS Savannah: Rickover Reviews, McCone Reassures 


“There will be no land-based prototype of the Savannah. Nor will the 
Savannah be reassigned to the Naval Reactors branch.” 

This was the reaction of AEC Chairman John A. McCone last month 
to a flurry of excitement in industry and government over a special re- 


view of NS Savannah—world’s 
first nuclear merchant ship—by 
Rear Admiral Hyman Rickover and 
his staff of the Naval Reactors 
branch at AEC. 

McCone himself had ordered the 
Rickover review with the relatively 
harmless aim of assuring that Rich- 
ard Godwin, chief of the AEC/Mari- 
time Administration group building 
Savannah, had available to him all 
the lessons learned in the naval re- 
actor program (NU, Sept. ’59, 73). 

When Rickover and his aides re- 
— in August with a full- 

edged critique of the Savannah 
project, the rumors began to fly, 
among them: “Rickover is trying to 
take over the Savannah .. . Rick- 
over is demanding construction of a 
reactor prototype before the Savan- 
nah is allowed to go to sea... 
Rickover is demanding a switch to 
the Navy way of building nuclear- 
vinndlied ships.” 

McCone and other AEC officials 
indicated that Rickover’s commen- 
tary actually fell somewhat short 
of these extremes. However, his 
criticism swept over Savannah's 
containment philosophy (putting the 
entire reactor system into a contain- 
ment envelope produced a power 
plant that was too complicated, he 
said); into the core itself (Rickover 
gives low-enrichment uranium-oxide 
short shrift); and encompassed, as 
well, the control-rod drive system 
(boron steel allegedly not adequate) 





and buffer seal system (Rickover 
prefers canned-motor pumps). 

However, none- of the critique 
went to the question of the ship's 
safety. 

Of Savannah’s containment, Oak 
Ridge National Laboratory had this 
to say after a review completed early 
last month: “The design and in- 
stallation of the nuclear plant aboard 
the NS Savannah has provided a 
degree of containment which is un- 
excelled by any reactor in existence.” 
ORNL pointed to Savannah's re- 
actor-in-the-bottle design and the 
negative pressure in the containment 
envelope as “the two most effective 
containment techniques yet devised.” 

At this stage in Savannah’s con- 
struction—she is scheduled to be 
completed next spring—changes re- 
flecting all the Rickover criticisms 
would delay her completion for 
many months and increase her cost 
considerably. Moreover, she would 
have then little value as the proto- 
type for a nuclear merchant fleet. 


Not Likely 


In an interview with NUCLEONICS, 
however, the key Commissioner in 
the final decision on the extent of 
Rickover’s influence—McCone— 
made it clear that he would not 
accept an erosion of the philosophy 
underlying Savannah: to put on the 
high seas a nuclear merchant ship 


New naval reactor, NCR, goes to KAPL 
The $18.5-million natural circulation reactor project was awarded 
to Knolls Atomic Power Lab operated by General Electric, AEC 
announced last month. The NCR is a pressurized-water reactor 
with nucleate boiling; its natural convection circulation would 
eliminate pumps, thus ending a source of troublesome noise on 
submarines, as well as simplifying the plant (NU, Sept. ’59, 23, 81). 


Lenin goes to sea 


The Soviet icebreaker Lenin, world’s first nuclear-propelled sur- 
face ship, sailed on her maiden trial voyage from Leningrad Sept. 
15, Tass news agency reported in Moscow. 


Eight more sub cores ordered 
AEC has ordered eight additional SSW cores for nuclear sub- 
marines. Three went to M&C Nuclear, three to Olin Matheson, 
two to Babcock & Wilcox. 


built and operated strictly in accord- 
ance with commercial practices, 
consistent with safety. He ex- 
pressed confidence that Reactor De- 
velopment chief Frank Pittman, 
who has been reviewing both the 
Rickover critique and the rebuttal 
by Godwin, would find that changes 
can be made on the basis of naval- 
reactor experience to increase Savan- 
nah’s reliability. 

But, McCone said, such a basic 
change in Savannah as a switch to 
a highly-enriched core would dem- 
onstrate “absolutely nothing of sig- 
nificance to the shipping industry.” 

“There is a big and important 
difference between naval-ship con- 
struction and merchant-ship con- 
struction,” McCone emphasized as a 
man experienced with both (NU, 
July 58, 20). “The decision was 
rightfully made [at the start] that 
the Savannah would be built by a 
merchant-ship branch at AEC in 
conjunction with the Maritime Ad- 
ministration—rather than the Naval 
Reactors branch. 


Possible Modifications 


Improvements based on naval 
experience that might seriously be 
considered for Savannah, in Mc- 
Cone’s view, could fall in these areas: 
shielding, instrumentation, ease of 
maintenance at sea, and control 
techniques. 

The Pittman evaluation, with 
any recommended changes, was to 
arrive on McCone’s desk around 
the end of September. The Com- 
mission was expected to complete 
its review of Pittman’s report shortly 
thereafter. 

“When it does,” McCone com- 
mented, “I will be satisfied that 
the Savannah will reflect not only 
the very fine engineering of its 
contractors [Babcock and Wilcox 
for the reactor system, New York 
Shipbuilding Corp. for the ship] 
but also the extensive experience of 
the Naval group—to the extent that 
experience is applicable to merchant- 
ship construction.” 


Work Moving Along 

Savannah is now being completed 
in a wet-dock at the Camden, N. J., 
yards of New York Shipbuilding 
Corp. As of Sept. 1, her hull was 
90% completed, her propulsion plant 
32% assembled. She is scheduled 
to have her core loaded in April, 
with criticality to follow in May or 
June. 
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Dresden Nears Completion 6 Months Ahead of Time 


The nation’s first fully-commer- 
cial large-scale nuclear power plant, 
the 180-Mw(e) Dresden boiling 
water reactor, is nearing comple- 
tion six months ahead of schedule. 

An application to AEC for an 
operating license was postponed 
from Sept. 2 to Sept. 23 because 
of a technicality: the requirement 
in the regulations that a plant be 
certified completed in all respects 
for fuel loading before an operat- 
ing license can be granted. 

Fuel loading start at Dresden 
was scheduled to begin Oct. 1. 





Yemelyanov, McCone Agree 
On Stepped-up Exchanges 

Vasily Yemelyanov, nearest man 
to a Russian counterpart of AEC 
Chairman John McCone, agreed at 
a meeting with McCone in Wash- 
ington last month on two goals for 
the U. S. and U. S. S. R.: 1. an in- 
crease in the exchange of information 
and scientists in the peaceful nuclear 
field; and 2. fullest possible support 
of the International Atomic Energy 
Agency as a repository and dissem- 
inator of information on the peace- 
ful atom. 

The two leaders held “prelim- 
inary” talks within hours after 
Yemelyanov debarked from the 
plane which brought Russian Premier 
Nikita Krushchevy from Moscow 
Sept. 15. Further Yemelyanov-Mc- 
Cone talks looking toward imple- 
mentation of the goals were sched- 
uled in late September. 


Army Food Program 
Nears End of Review 


The Army Food Irradiation Pro- 
gram (NU, Aug. ’59, 17) last month 
neared completion of a full-fledged 
Pentagon review. With the in- 
duced-irradiation bugaboo apparently 
settled to everyone’s satisfaction the 
Army was asking itself whether the 
present level of support for the 
program was justified. Among other 
things, the program was competing 
with other supply-and-logistics-type 
programs for hardware, research, 
and development funds. 


Congress Passes Fuel Bill 


Congress last month gave AEC 
permission to enter into long-term 
agreements for the supply of certain 
services— rimarily fuel reprocessing 
—to holders of materials licenses. 
Before the Congressional action such 
agreements were restricted to facility 
licensees (reactors, etc.). 
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Turbine run-in and balancing tests 
were made in mid-September, using 
auxiliary steam from railroad-flat- 
car-mounted boilers; in fact the 
intermediate turbine rotor has been 
shipped back to Schenectady to re- 
pair a packing sleeve causing 
vibration. Critical tests with the 
head off—for void and temperature 
coefficients, flux distribution and 
rod_ calibration—will take 6-10 
weeks. Starting with 28 of the 
total 488 fuel elements, the mini- 
mum critical mass, they will pro- 
ceed in four stages to fal loading. 

Then, with the vessel head in 
place, power testing will begin with 
stepwise (maximum step 10%) in- 
creases in power. Full power will 
be reached after 3-4 months; then 
full power must be demonstrated 
for 1-2 months before Common- 
wealth Edison accepts the plant. 
Dedication is scheduled to be 
about June 1, 1960. It is interest- 
ing to note that the warranty de- 
termination will not begin until 
five years after acceptance. 


Commissioner Vance Dies 


Farold S. Vance, an AEC com- 
missioner for four years, died Aug. 
31 at Walter Reed Hospital, Wash- 
ington, D. C. The 69-year-old 
former automobile executive was in 
his last year of a five-year term ex- 
piring June 30, 1960. His death, 
rom acute pneumonia, followed an 
abdominal operation. His death 
again leaves the Commission short- 
handed, just after John Williams’ 
confirmation had brought it to full 


strength. 


SENN liability agreement, loan effected 


General Electric and Italy’s SENN syndicate signed their defini- 
tive contract covering the 150-Mw(e) boiling water reactor GE 
will build in southern Italy on Sept. 9. It completes a preliminary 
agreement signed Feb. 4. The contract disposes of the trouble- 
some third-party liability issue by providing that if the OEEC 
liability convention is not completed by the time the reactor is 
ready to load fuel, the fuel will not be loaded. Signing of the 
contract clears the way for beginning of heavy construction at the 
site (preparatory work has been under way since March). The 
contract calls for beginning of operation 47 months after signing. 

Also last month, the World Bank completed negotiations on a 
$40-million loan for construction of the SENN reactor. The 
Bank’s first loan for a nuclear project, it will cover about 60% of the 
estimated $66.4-million cost of the plant. It is for a 20-year term, 
with 6% interest and amortization to start in 1964. 


AEC, Duquesne at odds on Shippingport expansion 


AEC Chairman John McCone reported to JCAE at end-August 
that the Commission has run into trouble in its attempt to persuade 
Duquesne Light Co, to supply additional generating facilities at 
Shippingport. AEC had asked Duquesne to boost capacity from 
100 Mw(e) to 175 Mw to use the heat from a proposed 150-Mw(e) 
core. Duquesne’s terms and conditions for adding the estimated 
$15-million in equipment were handed to AEC in May. In June, 
an AEC task force began an evaluation of the proposal and, accord- 
ing to McCone, found problems “which must be resolved before a 
satisfactory arrangement can be worked out.” 

McCone has told Congress and, more recently, NucLEoNtcs, that 
AEC will not go ahead with the 150-Mw core for Shippingport 
unless Duquesne puts in the generating facilities. 
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R O U Hi 


AEC Status Reports for 10-Year Reactor Blueprint 
Claim 8.8-Mill Power for BWR and PWR Concepts 


Reports on the status and prospects of the eight major reactor concepts 
under development in the U. S. show that pressurized- and boiling-water 
reactors, built with current know-how, could deliver electricity at 8.8 
mills in the most feasible size closest to 300 Mw(e). 


Except for the organic-mod- 
erated concept, PWR and BWR 
made the best economic showing in 
“current status” reports submitted 
to AEC’s Division of Reactor De- 
velopment (DRD) in July. It was 
estimated that a 300-Mw organic 
reactor could produce 7.1-mill elec- 
tricity but this cost was based on 
fuel-element technology not yet 
demonstrated. Other cost estimates 
ranged from 9-10 mills for a 400- 
Mw/(e) heavy-water reactor to 14.3 
mills for a fast-breeder built by 
1961. 

The reports were ordered by DRD 
early in June as the first phase of a 
6-months’ effort to draw-up a blue- 
print for achieving economic power 
in the U. S. within ten years (NU, 
July 59, 17). An initial version of 
the blueprint was completed by the 
AEC staff last month and a final 
version will be completed before the 
end of the year. 


Purpose of the summary was to 
ioe, cost estimates, postulate 
improvements needed, and estimate 
spending needed to develop each 


concept’s potential. The summary 
will be particularly useful to AEC 
this fall in preparing its budget 
estimates for fiscal 1961. 

After further refinement of the 
summary, the staff will draw up a 
suggested program of reactor de- 
velopment in terms of the 10-year 
goals. About the end of the year 
the final version may be submitted 
to an ad hoc advisory to AEC for 
further appraisal. Ultimately, AEC 
expects to present the program to 
Congress during the annual 202 
hearings on state of the atom. 


No. 1: BWR Superheat? 


The initial summary, it is under- 
stood, nominates boiling-water with 
integral superheat as the No. 1 can- 
didate for achieving economic 
nuclear power production in high 
cost areas of the U. S. by 1965. 
As of the moment, it is felt, pres- 
surized-water has a slight edge on 
boiling-water. But, over the next 
few years, the better potential for 
reducing costs appears to lie with 
BWR or with a hybrid BWR-PWR 
which incorporates the best features 
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Nuclear Power Cost: 
Closing the Gap? 
Size Power Cost 

Type Mw (e) mills/kwh 
PWR 281 8.8 
BWR 320 8.8 
Heavy water 400 9-10 
Fast breeder 300(1965) 8.0 
Thermal breeder 300(196?) 9.1 
Sodium graphite 300(196?) 12.35 
Organic 300 (196?) 7.1 
Gas coolant n. a. n. a. 





of both, including integral super- 
heat. 

Making “conservative” allowances 
for technological advances, for re- 
ductions in construction and fuel- 
fabrication costs, and for a decrease 
of about 25% in the cost of uranium- 
235 (see box below), AEC officials 
who worked on the initial blue- 
print estimate that light-water re- 
actors may be able to deliver elec- 
tricity for less than 6 mills by AEC’s 
“deadline” for achieving economic 
nuclear power in the U. S.—1968. 

In terms of meeting this political, 
rather than technological, goal they 
rate heavy-water, sodium-graphite 
and organic-moderated reactors be- 
hind the light-water concepts and— 
even farther back—gas-cooled re- 
actors. The last concept, it is felt, 
will continue to face the obstacle 
which had held it back in the U. S. 
until just recently; that is, high capi- 
tal costs. 


Economics of U. S. Reactors 

The eight reports on current re- 
actor capability represent a hard- 
nosed effort by DRD’s evaluations 
branch (the authors of the interim 
blueprint) to get an unbiased pic- 
ture of U. S. reactor economics. 
Strict ground rules on such com- 
parative factors as size, technolo 
and timing were laid down to the 
eight groups preparing the reports; 
each group was encouraged to con- 
sult all others in the field who might 
have something to contribute; and 
the reports were returned for re- 
writing when there was a question 
of conforming to the ground rules. 

In addition the evaluations task 
force had considerable help in draw- 
ing up the interim report Ana AEC 
people at national labs and else- 
where. Sargent & Lundy was 
called in also to collate the status 
reports and compare their econom- 
ics to a hypothetical, fossil-fueled 
plant completed in an “average” 
area of the U. S. before 1965. 
Highlights of the eight reports: 


PWR (written by Westinghouse) 


Costs. Estimates for five pres- 
surized-water reactors: a 25-Mw(e) 
plant would cost $17.3-million to 
build now, would produce elec- 
tricity for 24.1 mills/kwh; 54 Mw, 
$24.2-million to build, with 16.1- 
mill power; 171-Mw, $49.1-million 
and 10.2 mills; 228-Mw, $58.1- 
million and 9.3 mills; 281-Mw, 
$66.6-million and 8.8 mills. 

Technology. Problem areas in- 
clude reduction of hot-channel fac- 
tors, the thermal design limitation 
of no bulk boiling in the core, limits 
on reactor-vessel size, and limits on 
total number of heat-transfer loops 
that may be added to a single vessel. 





AEC Staff Backs Enriched-U Price Cut 


An AEC staff report recommending reductions in the government's 
prices for enriched uranium—reportedly an average reduction of 25%— 


is being submitted to the Commission. 


The recommendation was made 


by the Office of Operations Analysis and Forecasting. 


If it is adopted by the Commission it would bring AEC’s enriched-U 
price schedule (NU, Jan. ’58, 55) more closely into line with the costs of 
production. AEC sources recently pointed out to NUCLEONICS that 
Commission costs have been dropping—and show a downward curve into 
the foreseeable future—at every point of handling from the mining of U 
ore to the enrichment process. 

Enriched-U can be sold abroad but is leased in the U. S. at an annual 
use charge of 4% of value. The charge represents an estimated % to % 
the total fuel cost for a power reactor. 

As reported in June by Commissioner John Floberg (NU, Sept. 59, 31), 
AEC is conducting several studies into the realism of nuclear power costs, 
including fuel. The Commission is also considering the possibility of 
seeking a change in the law to permit sale of enriched-U in the U. S. 
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BWR (General Nuclear Eng.) 
Costs. Three designs were 
studied. A 20.3-Mw could deliver 
16.4-mill electricity; the General 
Electric reactor ordered by SENN 
(160-Mw) is expected to deliver 
11.8-mill electricity; and a 320-Mw 
reactor designed by GE and Ebasco 
would deliver 8.8-mill electricity. 
Technology. There is an urgent 
need for experimental information 
leading to practical engineering de- 
signs, because uncertainties in phys- 
ics information have lead to over- 
conservatism in both nuclear and 
mechanical designs. Other areas 
meg investigation include reac- 
tor stability, power distribution and 
lattice and neutron-spectrum meas- 


urements. 


Heavy Water (du Pont) 

Costs. Estimated costs for a 400- 
Mw, nonboiling, D:O reactor are 
$330/kw (capital) and 9-10 mills 
(electricity). Sargent and Lundy, 
consulted by du Pont, was in agree- 
ment that boiling D:O will eventu- 
ally produce the best economics 
among D:O reactors. Atomic En- 
ergy of Canada, also consulted, pre- 
dicted that 8.5-mill power will come 
from second- and third-generation 
reactors. 

Technology. Research is __ re- 
quired on fuel-element fabrication 
and irradiation behavior (both oxide 
and metal show promise) and on 
methods of detecting and reducing 
D:O leakage. 


Fast Breeder (Atomic Power Dev.) 

Costs. A plant based on the 
work already done on the Fermi 
plant at Lagoona Beach, Mich., 
could operate in 1961 at a power 
cost of 14.3 mills. Conceptual de- 
sign of a second-generation Fermi 
plant (300-Mw) would cost $74.4- 
million to build, would produce 8- 
mill electricity and would be com- 
leted by 1965. Plutonium-fueled 
ast breeders could operate in 1965 
at a power cost of 9.5 mills, with 
improvements leading to 6.9-mill 
power by 1968. 

Technology. Much work must 
be done on plutonium as a fuel. To 
achieve high utilization of uranium 
in fast breeders Pu build-up to cycle 
loss ratio in the blanket should be 
above 4-to-l. To accomplish this, 
it ap rs that blanket elements 
capable of 4% Pu building up cycle 
should be developed. 


Sodium-graphite (Atomics Intl.) 
Costs. Three alternate estimates: 
75-Mw plant could produce 19.12- 
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mill power, using a first core of 
metal-clad fuel elements; the sec- 
ond core for this plant—uranium 
carbide with stainless-steel cladding 
—16.6 mills; and a 300-Mw plant 
with carbide core—12.35 mills. 

Technology. Development of a 
carbide element is the most promis- 
ing factor for lowering costs. Satis- 
factory components are available 
for a sodium system with the excep- 
tion of a steam generator. Major 
efforts also required on simplified 
design, reliability and reduced cost 
for control elements, valves, pumps, 
flow meters, etc. 


Organic (also Al) 

Costs. Three plant sizes—the 
smallest scaled up from the Piqua 
design, the others designed in col- 
laboration with Bechtel Corp.: 20- 
Mw plant, using aluminum-clad 
metal fuel, would produce 19.7-mill 
= and cost $12.6-million to 

uild; 75 Mw, using U-oxide clad 
with aluminum powder, 12 mills 
and $27.2-million; and 800 Mw, 
same type core, 7.1 mills, $57.5- 
million. 

Technolo Recent work on 
OMR fuel elements has been de- 
voted to cladding oxide with alumi- 
num powder. Tests indicate signif- 
icantly higher strength than alumi- 
num alloys at higher temperatures 


and satisfactory radiation stability; 
no full-size elements yet tested, how- 
ever. 


Thermal breeder (Oak Ridge) 

Costs. Lack of operating ex- 
perience with large-scale reactors 
precludes completely realistic esti- 
mates. Three conceptual designs: 
a 300-Mw thorium breeder reactor 
station (three two-region reactors) 
would have power cost of about 9.1 
mills; 150-Mw, two-region reactor, 
11.2 mills; the 150-Mw reactor 
abandoned by Pennsylvania Power 
and Light, 13.24 mills (a 315-Mw 
version of this plant, 9.9 mills). 

Technology. ORNL considers 
two-region, circulating-fuel reactors 
most promising thermal breeders of 
the aqueous homogeneous type. An 
aqueous-coolant reactor must be 
operated at high pressures to pro- 
duce steam at rather low tempera- 
tures, compared with current utility 
ae. Thus ORNL sees super- 
eating as a “must.” 


Gas-cooled (also ORNL) 

Costs. A final report from Oak 
Ridge National Laboratory was not 
yet in when the AEC staff drew up 
its initial report. However, prelim- 
inary figures indicated that a 300- 
Mw(e) plant would produce 12- 
14-mill power. 


States to get new powers, now AEC-held 


Legislation permitting AEC to transfer certain regulatory au- 
thority to qualified state governments was approved by Congress 
last month; President Eisenhower was expected to sign it into law 
before month’s end. The states already exercise authority over 
X-ray and radium applications; the new act adds radioisotopes, 
source materials (uranium ore, etc.)and special nuclear materials 
in quantities not sufficient to form a critical mass. AEC was ex- 
pected to get to work on new regulations opening the way for 
transfer agreements with state bodies adequately staffed to take 


on the new responsibilities. 


Congress fails to authorize Stanford accelerator 

A number of sticky but not insoluble problems has forced a 
delay of several months at least in the 15-Bev linear accelerator 
proposed for construction at Stanford Univ. The Joint Commit- 
tee on Atomic Energy failed to authorize the $105-million project 
before Congress adjourned this year because of: 1. differences of 
opinion on arrangements for purchasing the linac’s power supply; 
2. patent and royalty troubles involving the machine's klystron 
tubes; and 3. a possible conflict-of-interest in the fact that project 
director Ed Ginston is board chairman of Varian Associates, a 
royalty-owner on klystron tubes. AEC will use the next few 
months to try to clear the way for Congressional authorization 


early next year. 
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New Reactor Concepts ‘Off and Running’ at AEC... 


They were off and running last 
month at Germantown, Md. 

The event: the Third Semi-annual 
AEC Steeplechase, sponsored by the 
Division of Reactor Development 
and featuring eleven of the nuclear 
industry's most promising new re- 
actor concepts. 

The “horserace,” as it is quite 
accurately referred to by AEC and 
industry, is a formal, year-old pro- 
gram to consider new reactor ideas 
for AEC financial support. It has 
two major elements of the “sport of 
kings”: 1. AEC is literally gambling 
a few millions dollars annually on 
long-shot concepts; and 2. the con- 
cepts selected are in a never-ending 
contest with each other. 

Winners of AEC contracts so far 
(see table) have been American 
Radiator and Standard (two con- 
cepts—mercury-cooled and variable 
moderator); Aerojet-General Nu- 
cleonics (sulfur-cooled); Babcock & 
Wilcox (gas suspension); General 
Electric (modified sodium-graphite) ; 
Martin Co. (fluidized bed, organic- 
cooled); and Sanderson and Porter 
(pebble bed, gas-cooled). These 
“winners,” however, might better be 
called “favorites” because they con- 
tinue to compete with each other 
and with newer ideas. 


Outside Chance 

Despite its sporting nickname, the 
horserace is a serious effort to assure 
that all in industry who feel they 
have a promising idea get formal 
consideration of their proposal by 
AEC. At the same time, the pro- 
gram introduces an element of 
chance into the total U. S. reactor 
effort—the possibility of a “long-shot” 
breakthrough in reactor economics. 
The rogram’s philosophy was 
stated by an AEC official: 

“We expect a pretty high per- 
centage of the ideas we accept to 
fall down and not be renewed. If 
that doesn’t happen, we are either 
awfully lucky or we are not gambling 
at all.” 

This philosophy holds true, as 
well, for the program’s funding. 
There is no specific amount avail- 
able for program contracts and it is 
up to Frank Pittman, director of re- 
actor development, to conjure up the 
money for a recommended 


to him by his staff. 


Two Races Annually 


Key dates in the program are 
Aug. 81 and Feb. 28 each year. 





. » « The Current Favorites 
Concept 


mercury-cooled 
variable moderator 
sulfur-cooled 

gas suspension 
Na-graphite 
fluidized bed 
pebble bed 


Amount Expires 
$150,000 Oct. 31/59 
168,657 Nov. 15/59 

73,000 under negotiation 

185,500 Oct. 30/59 

149,720 Dec. 1/59 
1,390,000 Dec. 30/60 
815,000 June 30/60 


American Radiator 


Aerojet-General 
Babcock & Wilcox 
General Electric 
Martin (extension) 
Sanderson & Porter 
(extension) 





. - « Left at the Post 


First Race (Aug. 31, 1958) 


Raytheon—gas-cooled, liquid-metal-fueled 
Battelle—sodium hydroxide-cooled and -moderated 


Aerojet-General—nitrogen fixation 
—advanced-fluid power reactor 


AiResearch (Phoenix, Ariz.) —gaseous fueled 
ACF—boiling organic 
Jackson and Moreland—light water-moderated, gas-cooled 
NDA—fast reactor (high-burnup fuel) 
—heavy-water, organic 
Internuclear Corp.—automatic boiling column 
Associated Nucleonics—organic-moderated 
AMF Atomics—beryllium oxide, gas-cooled 


Technical Research Group—temperature-zoned reactor 
— irradiation reactor 


Armour Research Foundation—dust-fueled reactor 
Fluor Corp.—flowable solids reactor 
Hercules Powder Co.—circulating dust (production of chemicals) 


Atomic International—high-temperature reactor 
—boiling steam superheat with zirconium hydroxide 
—direct conversion 


Franklin Institute—mixed fluid, closed cycle 


Second Race (Feb. 28, 1959) 


Grace Research and Development div.—colloidal nuclear fuels 
lonics, Inc.—fuel concept for aqueous homogeneous reactors 
Kaiser Engineers—hydrogen-cooled, graphite-moderated 


NDA—steam-cooled, fast-breeder 
—high conversion ratio reactors 


Thiokol Chemical—boiling-water organic reactor 
—liquid-cooled and -moderated 


Westinghouse—organic-moderated, fluidized-bed 





These are the semi-annual deadlines 
for submission of new concepts and 
review of those already in the pro- 

m. The latter are reviewed at 
the first deadline date after expira- 
tion of the contract, which may run 
from 6 to 12 months, depending on 
the nature of the work. If a con- 
tract expires well ahead of a review 
date, it may be informally extended 
until the review can be made. 


Some 40 concepts have been pro- 
posed since the pro was for- 
malized (see table), including 
eleven submitted in the most recent 
race a month ago. AEC has set no 
formal deadline for action on these 
latest entries but the hope is to 
make a decision some time this 
month; names of the proposers are 
being withheld pending selection 


of the winner or winners. 
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Reactor News 


NPG LOOKING AT ADVANCED WATER REACTOR 
The Nuclear Power Group, cosponsor of the Dresden 
Station, has undertaken a joint study with Atomics Inter- 
national of a graphite-moderated, water-cooled, boiling 
and super-heating power-reactor concept. Preliminary 
studies made over the past ten months showed sufficient 
promise, NPG announced, to warrant further study with 
a manufacturer “to determine if the concept is worth 
carrying into the research and experimental stages.” 
The study will cost $150,000, to be borne by the two 
groups; there is no plan now to build a reactor. The 
concept would have separate channels in the graphite 
pile for fuel elements, and for metal coolant tubes in 
which the water would boil and the steam be super- 
heated. For AI this is the first venture into water- 
cooled power reactors, the firm being associated pri- 
marily with sodium-cooled, graphite-moderated and with 
organic-cooled and pee | power reactors. NPG, 
a research organization, has as members seven utilities 
and the Bechtel Corp. A large power station with four 
reactors of this is being built at Sverdlovsk in the 
Soviet Union (NU, Sept. ’59, 90). 


COMBUSTION GETS NUCLEAR TEST PLANT 


NTP or Nuclear Test Plant, a test reactor able to test 
full-scale cores of up to 60-Mw(th), was awarded to 
Combustion Engineering by AEC last month. In a con- 
tract arrangement thought to be unprecedented with 
AEC, Combustion was assigned conceptual design and 
operation of the reactor, skipping the detailed design 
and construction stages, whi ill be subjects of later 


contracts. The $5-million NTP will be a pressurized- 
water reactor, designed to permit full-scale testing of 
prototype reactor cores for military field plants de- 


veloped jointly by AEC and the Army Corps of En- 
gineers; thus it would eliminate the need for building 
a separate prototype reactor for each core tested. 
NTP’s design will have maximum flexibility and exten- 
sive instrumentation to facilitate testing of cores of 
varying design and control systems. To be built at the 
National Reactor Testing Station in Idaho, NTP will 
generate ata but will dump the heat produced. 


CE’s pro was winner from among eleven submitted. 


PROCESS HEAT JOB TO SARGENT & LUNDY 


Sargent & Lundy won the prize—selection by AEC to 
negotiate a contract to be architect-engineer—on the low- 
temperature 40-Mw(th) process heat reactor to be built 
in cooperation with Interior Dept’s Office of Saline 
Water (NU, Aug. ’59, 17; Sept., 32). 


KAISER GETS MILITARY STUDY 


Kaiser Engineers has been awarded a $515,000 AEC 
contract for a study of the potential use and cost of 
nuclear power in 5-40 Mw(e) plant sizes at remote 
military installations in the period 1963-70. The study 
will cover best reactor type and cheapest of plant con- 
struction, including on-site assembly and erection vs 
plant fabrication with minimum on-site assembly and 
erection, or off-site construction on a raft or barge. The 
final report is to be filed with AEC by Feb. 1, 1960. 


GIBBS & HILL, AMERICAN-STANDARD SCORE 

Gibbs & Hill Inc. was selected by AEC as architect-en- 
gineer for the small—16.5-22-Mw(e)—pressurized-water 
power plant to be built under the Power Demonstration 
Reactor Program by a public power or co-op utility 
(NU, May ’59, 25). Gibbs & Hill will do the concep- 
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tual design of the steam-raising portion, and has an “4 
tion to do detailed design of the nuclear portion exclu 
ing reactor equipment design. . . . American Standard’s 
Advanced Technology Laboratories has been awarded 
three research-development contracts by AEC. Total- 
ing ¢2-million worth of work, they embrace the variable- 
moderator reactor concept (NU, April ’59, 19); im- 
provement of the irradiation stability of natural-uranium 
metal; and application of high-temperature spray tech- 
niques to form clad ceramic fuel elements. . first 
will see a complete VMR core tested at Battelle’s critical 
facility; the second, part of AEC’s fuel-cycle program, is 
expected to increase fuel-element life; the third is under 
the joint Euratom research program. 


OTHER AEC CONTRACT NEWS 

W. A. Klinger Inc. of Sioux City, Iowa, won a $1,118,689 
contract to build a Metals Process Development Build- 
ing at AEC’s Ames (Iowa) Laboratory. Ames has done 
considerable development work for AEC on yttrium and 
the rare earths. . . . AEC has awarded a contract to 
put in a road and water line to the site of the 25-Mw/(e) 
E imental Gas-Cooled Reactor (EGCR), formerly 
called the Kaiser-ACF gas-cooled project. The site is 
near the Clinch River on Gallaher Bend, 5 mi south of 
Oak Ridge and 2 mi east of Oak Ridge National Labora- 
tory... . Alco has obtained a $1,565,000 AEC con- 
tract for final design and fabrication of a sodium-to- 
sodium heat exchanger and sodium-to-water steam gen- 
erator in AEC’s ium components development on 
gram (NU, Aug. ’58, 25). . . . AEC gave a $229,579 
contract to build a fuel cladding facility at Hanford to 
Gate City Steel Inc. of Boise, Idaho. . . . AEC also 
said it would give Buffalo Univ. a construction permit 
to build its long-planned research reactor, a 1-Mw pool 
to be built by AMF Atomics. 


NO EARTHQUAKE DAMAGE IN NORTHWEST 


The sudden earthquake at Hebgen Dam in southwest 
Montana that took nine lives late in August caused no 
damage at the National Reactor Testing Station or at 
Hanford. At NRTS, 150 mi from the epicenter, two 
reactors were scrammed manually as a precautionary 
measure—ETR when the operator noticed waves in one 
leg of the water canal, S1W when the operator saw some 
pipes swaying. Other reactors, including AlW, OMRE 
and MTR, continued in operation. None had seismic 
scram circuits. Intensive building-by-building surveys 
in the following days disclosed no structural or other 
damage. At Hanford, four times as far away, the 
tremors were still noted by instrumentation, but no 
emergency controls were thrown. 


McCONE REPORTS ON PROGRAM PROGRESS 


In a comprehensive report to the Joint Committee on 
Atomic Energy on how the new authorization and ap- 
propriations acts were being carried out, AEC Chair- 
man McCone disclosed the following items of interest: 
In a recent questionnaire sent to small public and co-op 
utilities, every one indicated a need for superheated 
steam. . . . The Carolinas-Virginia project has shifted 
from a straight tube to a U-tube design for its heavy- 
water reactor. . . . The Big Rock Point, Mich., reactor 
GE will build for Consumers Power Co. may be ac- 
cepted as the high-power-density boiling reactor AEC 
for which is authorized to give research-development 
aid in fiscal-1960. . . . The Department of Defense 
has proposed AEC and the Navy jointly install a 20- 
Mw/(e) power reactor on Guam. 





R O US oe 


Work Shortage Hits British Consortia as Market 
Dries Up; Consortia in Red on 1st Plants; Two Merge 


For the last two months, signals of near-distress have been heard with 
increasing frequency from Britain’s big atomic energy industry. Some of 
those observed: 

© A government committee reviewing testimony from a wide sector of 
Britain’s atomic power industry reported that the industry is finding it 
virtually impossible to sell reactors in Europe. The committee said in- 
dustry witnesses blamed “unfair [U. S.] commercial practices” for the 
failure, pointing to credit terms offered buyers of British products as 
comparing unfavorably with those offered by Americans, and saying that 
U. S. industry could offer special terms including “guarantees that are 
clearly backed by the U. S. government.” 

© All five of the consortia building Britain’s first four civil atomic power 
stations will lose money on them, it is believed; two or three have admitted 
it. They had cut prices on their bids for these prestige-laden jobs, ex- 
pecting to recoup on the export business that has failed to materialize. 
Now they admit frankly that the Central Electricity Generating Board will 
be faced by stiffer bids next time. Thus capital costs will not come down 
as had been predicted. 

© Two of the consortia—Nuclear Power Plant Co. and AEI-John Thomp- 
son—are merging. Among the reasons given: 

“Too much capacity may have been created in the atomic field for the 
work available,” H. G. Nelson, director of English Electric Co., declared. 

“The young and enthusiastic nuclear industry is fast becoming a paper 
work industry of tenders and quotations,” observed Sir George Dowty of 
the AEI-Thompson group. 

© The entire consortium system may be abandoned. CEGB is reportedly 
considering an end to its system of ordering complete power plants on a 


turn-key basis, and would then contract separately for components. 


LONDON 


Due to the unexpected and worsening coal surplus in Europe which 
has dried up the nuclear market, there is not enough domestic and ex- 
port business to sustain the five British consortia over the next 5-7 years. 
That is the simple truth behind the merger of the AEI-John Thompso 


group with the Nuclear Power 
Plant Company. And talking to 
top executives in the nuclear in- 
dustry NucLeonics gathered there 
are more mergers on the way. 
Although the British 6,000-Mw 
program for 1965 is not likely to be 
curtailed, it is insufficient alone to 


—— the five consortia and the 


likelihood of further foreign orders 
for stations of the Calder Hall mag- 
nox-canned fuel element type were 
considered generally unlikely by 
most of the consortia. 
Amalgamation is seen to be in the 
nation’s best interests. It is the 
only way, NUCLEONICS was re- 
peatedly told, to eliminate the mul- 
tiplicity of effort in the research, de- 
sign and development fields. Es- 
pecially would it obviate the costly 
futility of five consortia submitting 
tenders for each power station. 
Aggravating this situation is the 
fact that as stations in the British 
power program get bigger in the 
interests of the scale factor, fewer 
are required. This leaves a longer 
period between orders without ex- 
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tending the production time, as this 
is largely independent of size. 

Together, - factors make it 
more and more difficult for the con- 
sortia to keep their design teams to- 
gether over the threatened lean half- 
decade ahead. To relieve the di- 
lemma, the nuclear industry is press- 
ing the Atomic Energy Authority 
for a greater share of the design, 
research and development work on 
advanced systems, work that has 
normally been undertaken by the 
Authority itself. The Authority has 
persistently complained that scale 
of its effort has been restricted by 
the shortage of scientists and en- 
gineers, particularly metallurgists, 
of which Britain is notoriously short. 
If some of this work were off-loaded, 
say the consortia, it would consider- 
ably speed the tempo of the whole 
British nuclear research effort as 
well as exploit the full scientific 
capacity of the industry. 

This arrangement was in fact one 
of the recommendations made in 
the fifth report from the Select Com- 


mittee of Estimates published re- 
cently by the AEA. According to 
industrial spokesmen the proposal 
is being sympathetically considered. 

But apart from amalgamations, 
there is no evidence of any major 
split in the existing nuclear groups, 
nor of anyone pulling out. A 
spokesman for Babcock & Wilcox, 
commenting on the recent tie-up 
with its namesake in the USA, 
strongly denied to NUCLEONICS that 
its arrangements with English Elec- 
tric Co. were anything but 100% 
sure in the British market. The 
original agreement between the two 
companies specifically provided for 
independent movement in the for- 
eign field. In fact, said this spokes- 
man, the company might soon tie up 
with the Swiss Brown Boveri firm. 


Faith in Gas Firm 

NUCLEONICS was assured that 
neither the B & W tie nor the asso- 
ciation announced between the 
English Electric Co. and Atomics 
International reflected any loss of 
faith in the continuing development 
of the gas-cooled system as a large 
baseload station. 

The totally unexpected coal sur- 
plus is said to have come about 
partly by effects of mechanization of 
coal output exceeding expectations, 
partly because mechanization also 
produces a larger proportion of 
small coal, more difficult to dispose 
of except in thermal power stations. 

Both have made even more mar- 
ginal the economic advantages 
claimed for large nuclear stations. 
These had already very few appli- 
cations because they could only be 
economic as base load stations. 

The annual increase in power de- 
mand is not likely to overtake the 
current coal surplus until] 1965 at 
the earliest, by which time advanced 
gas-cooled systems capable of op- 
erating in smaller sizes more eco- 
nomically will have displaced the 
present type of magnox-clad station. 
Further sales of the Calder-t 
station are now put at no more ite 
two in Britain. 

American policy in Europe has 
certainly not helped the British, 
top-level executives in the industry 
told NucLeonics. For instance 
American subsidies are regarded 
generally to have swung the SENN 
contract away from the British. 
Elsewhere, think the British, if the 
— of U. S. subsidies had not 

n present, the consortia would 
have signed up a number of other 
European contracts before the coal 
surplus intervened. 
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World News 


Italy Buys 3d Research Unit, from B&W 


Babcock & Wilcox of New York has sold a 5-Mw pool to 
CAMEN (Centro Autonomo Militare Energia Nucleare) ’ 
Italy’s military nuclear research and training center. 
Midway between Leghorn and Pisa, it will be used to 
train engineering students from the Italian Naval 
Academy at Leghorn and Pisa Univ. Italy's sixth re- 
search reactor, it will start up early in 1961. 





Italy’s SORIN Reactor Critical 


Europe’s second privately-owned reactor (after the AEI-— 
John Thompson Merlin pool at Aldermaston, England) 
went critical at Saluggia, NE of Turin, t. 8. Called 
“Avogadro,” the 1-Mw AMF-built belongs to 
SORIN, a joint subsidiary of Italy's big Fiat (autos, 
machinery) and Montecatini (chemicals) companies. 





Puerto Rican Reactor Starts . . . 


At the Mayagiiez site of the Puerto Rico Nuclear Center, 
the island’s—and Middle America’s—first reactor went 
critical Aug. 12. The research reactor is an Atomics 
International solution-type lab reactor. 





. and Israel’s Nears Completion 





Israel’s first reactor, an AMF Atomics pool type, was 
nearing completion last month on the sand dunes near 


Rishon le Zion. 
at first, 5 Mw later, will be used for isotope production 
as well as research. 


Baghdad Nuclear Center Reopening 





“Frozen” since the Iraqi revolution last year, the Baghdad 
Pact Nuclear Center was scheduled to be reopened last 
month. Iraq being no longer a member of the Baghdad 
Pact group, the center will be called the Central Labora- 
tory for Isotopes and Research Studies, and has been 
placed under the Iraqi AEC. The center was opened in 
1957, largely with British contributions and technical 
help (NU, May ’57, 27). Now the Iraqi AEC has en- 
gaged Soviet nuclear physicists to work there and has 
sent a delegation headed by its chairman, Talaat Shai- 
bani (who is also minister of planning), to Russia to 
seek Soviet equipment for the center. The two nations 
concluded an agreement for atomic cooperation—even 
broader than that between Russia and Egypt—and the 
Soviet pledged to build a 2-Mw research reactor at the 
Baghdad lab. 


Sumitomo to Make Fuel Elements in Japan 





The Sumitomo nuclear energy group is planning to enter 


production of fuel elements and has reached a basic 
agreement with Sylcor on rights to its induction tech- 
nique of processing uranium oxide. Sumitomo had pre- 
viously entered an agreement with Degussa of Germany 
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on natural-uranium refining, and is developing a method 
said to be unique for making natural U bars with high- 
temperature and gamma rays. Sumitomo has been de- 
terminedly pushing into the fuel field at a time when 
Mitsubishi, Mitsui and some of the other big Japanese 
industrial groups are concentrating on importing nuclear 
equipment. 


Austria Starts Second Reactor 


Ground was broken last month for Austria’s second re- 
actor, a 100-kw General Atomic Triga, to be built at a 
new $2.3-million National Atom Institute near the south- 
eastern edge of Vienna. The institute will be under the 
Vienna Polytechnic University. 





Site Set for Big Canadian A-Plant 





The eastern shore of Lake Huron, 9 mi N of Kincardine 
(170 mi NE of Detroit), is the site chosen for Canada’s 
$60-million, 200-Mw(e) CANDU reactor plant (NU, 
Aug. 59, 23). The 2,300-acre site has yet to be ap- 
proved by the Atomic Energy Control Board. 


East German, Czech Milestones 





The main laboratory building of East Germany’s Rossen- 
dorf nuclear center, a_ short-lived-isotope lab, was 
officially opened. Only a coger nor me | building, slated 
for 1963 completion, remains unfinished. . . . East Ger- 
many’s first betatron, a 10-Mev unit, was completed at 
Dresden recently; as also East Germany's beta 
thickness gage. . . . The Chirana Works in Prague has 
started industrial production of a 15-Mev betatron for 
industrial paseurt testing, hopes to develop cobalt 
therapy machines also. . . . Also in Czechoslovakia, a 
reactor simulator has been completed at Brno. 


Brazil Starts a U-Plant 


Ground was broken for Brazil's first uranium processing 
plant at Pocos de Caldas; production should begin in 
two years. The plant is being built under French super- 
vision and with some French equipment. A second 
plant is to be started later this year. 





Europe’s Electric Supply, Demand Up 


Power consumption in Europe increased 6.5% in 1957 
despite slackening economic activity, OEEC reports, 
i total installed capacity rose from 102,442 to 
109,941 Mw. It’s forecast that demand will rise 7%/yr 
for the next five years, and installed capacity will reach 
161,600 Mw in 1963. By that year 10-12 nuclear sta- 
tions totaling 3,250 Mw should be running, OEEC says. 





Red China Continues Atomic Advances 


A new blast furnace at the Shihchingshan Iron & Steel 
Plant outside Peiping is being built with cobalt-60 em- 
bedded in the inner firebrick wall to detect corrosion, 
Radio Peiping says. Isotopes released into the molten 
metal coming out of the furnace will tell engineers when 
the wall needs overhauling. . . . Faculty members and 
students of Nankai Univ. in Tientsin have built a small 
(3-watt) homogeneous reactor. Teachers and students 
at Szechwan Univ. have built a small (0.06-Mev) cyclo- 
tron. An electron static accelerator was built by the 
Wuhan Institute of Atomic Energy, Wuhan. China’s 
first induction electron accelerator (5 Mev) was “trial 
produced” last year by teachers and students at Tsinghua 
Univ., Peiping, China’s leading polytechnic institution) ; 
apart from a few electron tubes, the equipment was 
made in China—with Soviet assistance. 








R O U Bee Gee 


German Pebble-Bed Unit 
Using Off-Shelf Equipment 

Construction of Germany's sec- 
ond power reactor, the first built to 
German designs, will start next 
April for completion in 1963. The 
15 Mw (e) high-temperature _peb- 
ble-bed, to be built at Jiilich by 
Brown Boveri of Germany and 
Krupp for the utility combine AVR, 
will cost $9.5-million, with the 
German government contributing 


half; any cost excesses will be 
shared by Krupp and the govern- 


I 


Details of the Brown Boveri-Krupp 
Reactor: (1) ducts for steam-genera- 
tor tubes; (2) steam generators; (3) 
coolant-gas baffle plates; (4) bio- 
logical shield; (5) fuel-ball inlet; (6) 
lugs for shutdown rods; (7) core; (8) 
grid; (9) fuel-ball outlet; (10) blower 
motor; (11) blowers; (12) outer re- 
actor vessel; (13) inner reactor ves- 
sel; (14) pressurized gas buffer seal; 
(15) bridge of carbon bricks; (16) re- 
flector; (17) casing of carbon bricks; 
(18) bypass tubes; (19) thermal shield; 
(20) coolant baffle plates; (21) sup- 
ports; (22) blower dome. 
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ment. AVR will use the plant for 
five years for research in nuclear 
power plant operation, after which 
title will pass to the nuclear re- 
search center of the state of North 
Rhine-Westphalia which contrib- 
uted the site. 

Inquiry by NUCLEONICS as to re- 
actor design brought these details: 

Fuel balls will be 6 cm (2.36 
in.) dia, containing 3% gm ura- 
nium per ball at 20% enrichment. 
They will be made by inserting a 
pressed cylinder of mixed graphite 
and uranium carbide into graphite 
balls, which will be closed by a 
stopper. Irradiation tests are un- 
derway at Mol on sample balls. 

The plant is designed to use a 
mixture of 22% (volume) helium, 
78% neon as coolant. This can be 
produced in Germany by liquefy- 
ing air. Should the U. S. make 
helium available, the plant can be 
altered to use pure helium. Cool- 
ant temperature is 200° C (392° 
F) entering, 850° C (1,562° F) 
leaving the reactor. The design 
is based on pore-diffusion of vola- 
tile fission-products through normal 
graphite. The coolant is purified 
continuously, via a bypass, with a 


combination of molecular sieves 
and deep-cooled activated carbon. 
Tests are now being made with 
relatively gas-permeable graphite. 

Reactivity control is accom- 
plished by changing the number of 
balls in the core; primary-circuit 
control by changing blower speed; 
shutdown by four absorbing rods. 

Steam at the throttle is 505° C, 
70 atm (941° F, 1,030 psi). The 
plant’s 15-Mw(e) capacity is net, 
with only 450 kw needed for the 
blowers. The bulk of the equip- 
ment is said to be off-the-shelf— 
identical with that used on com- 
parable conventional machinery. 
Development work was required 
for charging and decontamination 
equipment, and special control and 
repair devices. Quality and com- 
pletion guarantees were given for 
individual parts, but no_perfor- 
mance guarantee for the reactor as 
a whole was made. 

The $9.52-million capital cost 
includes the first charge. Esti- 
mates of power cost are not avail- 
able, but while this pilot plant will 
certainly not be competitive, it’s 
hoped a 150-Mw(e) scale-up that 
AVR might later order, would be. 





AEC Asks Itself: Retain Campus Reactor Grants? 


Should AEC continue its reactor- 
training grants program beyond the 
current fiscal year? 

AEC itself has raised this ques- 
tion following a 40% cut in the pro- 
gram’s appropriation by Congress 
(reduced from $3.1-million to $1.8- 
million). The answer may tum 
on the answer to another, more 
basic, question: What will the 
manpower needs of the U. S. re- 
actor program be after 1965? 

AEC’s Reactor Development div. 
(DRD) is now attempting an up-to- 
date estimate of the late-1960 man- 
power requirement (by AEC and 
its contractors, by all other govern- 
ment agencies, by industry, and by 
educational institutions) so it can 
appraise the necessity for, and ex- 
tent of, further equipment grants- 
in-aid to colleges and universities. 

Its reappraisal of the grants pro- 
gram comes in midstream, so to 
speak. Most of the funds spent to 
date ($11l-million) have gone to 
graduate programs; a sizeable effort 
for undergraduate training has yet 
to be mounted. 


1957 Predictions 

Based on manpower studies con- 
ducted in 1957, DRD estimates 
that 1,960 new reactor engineers 


and scientists will be needed an- 
nually beginning in 1965. Is this 
“old” figure still a good one? Was 
it based on a prediction for utili- 
zation of nuclear power which is 
no longer valid? Assuming the 
1,960-man estimate still holds, is 
AEC help vital to an assurance 
that these people will be trained? 
AEC wants these answers in con- 
nection with its budget request for a 
reactor-grants program for fiscal 
year 1961. 

AEC grants for the four years 
through June 30 of next year—for 
reactors and related equipment— 
will give U. S. educational institu- 
tions capability to train an esti- 
mated 800 graduates annually. 
But there is some feeling within 
the Commission that this will cover 
little more than normal attrition 
(as of 1957 there were 23-25,000 
nuclear scientists and engineers 
with AEC and its contractors, plus 
7,000 in non-contractor industry). 

There is also AEC concern that 
failure to invest sufficient funds in 
reactor training now will hit the 
U. S. program at a crucial time. 
From a college’s decision to estab- 
lish a nuclear curriculum to gradu- 
ation of its first trainees takes 7-9 
years. 


October, 1959 - NUCLEONICS 





News in Brief 


AEC Renews Contracts with GE, UCC, Mallinckrodt 
Two of AEC’s major rating contractors—General 
Electric and Union Carbide—have a on extensions 
of their contracts ag? «oe 30, 1964. Union Carbide op- 
erates the gaseous diffusion plant at Paducah, Ky., and 
three facilities at Oak Ridge (the gaseous diffusion and 
Y-12 production plants and Oak Ridge National Lab- 
oratory). Extension of the GE contract covers only 
Hanford Works, Wash., at an annual fee of $2,196,000; 
Knolls Atomic Power Laboratory is operated by GE 
under a separate contract. AEC has also vain to 
June 30, 1964, its contract with Mallinckrodt Chemical 
Works for management of the feed material facilities in 
the St. Louis, Mo., area (primarily Weldon Springs). 


Argonne Creates Two New Divisions 

Argonne National Laboratory has added two divisions— 
High Energy Physics and Solid State Science—to the 
15 already in existence. “The new divisions,” ANL Di- 
rector Norman Hilberry said, “will allow us to coordi- 
nate and emphasize studies of some of the most fasci- 
nating and ultimately useful properties of matter. 
Both will use subatomic particles as probes to deter- 
mine new facts about the world around us.” Acting 
director of the High Energy Physics div. is Roger Hil- 
debrand, associate laboratory director; Oliver C. Simp- 
son, former associate director, Chemistry div., was 
named director of the Solid State Science div. 


Film Badge Trade Group Under Consideration 


A group of commercial film-badge contractors is ex- 
ploring formation of a trade association to deal with 
such common problems as standards, legislation, cer- 
tification, ethics, insurance and government-versus- 
private operation of film-badge services. Sparking 
the move is J. J. Steinberg, president, X-Ray Monitor- 
ing, who has reported an enthusiastic response from 
several of the dozen or more firms contacted. 


Marquardt Expanding Power-reactor Capability 
Expansion of its power-reactor capability—with em- 
phasis on portable and propulsion reactors beyond its 
present nuclear-ramjet work—has been announced by 
Marquardt Corp., Van Nuys, Calif. Director of the 
new Nuclear Systems div. is Alan R. Gruber, who has 
been chief engineer for Project Pluto, the ramjet proj- 
ect. “Reactors of the type [developing for] for Pluto 
have some promising non-ramjet applications, par- 
ticularly in situations which call for a transportable 
source of power agg aged said President Roy E. 
Marquardt. The is exploring military and non- 
military applications. 


GA Given Another $1-Million for Project Orion 

The Defense dept. has given General Atomic $1-million 
in new funds for Project Orion—the project looking to 
a huge space ange (1,000 tons or more) propelled 
by small nuclear explosions. A total of $2.4-million 
has been spent on the effort since the Pentagon first au- 
thorized it in mid-1958. 


General Instrument Enters Direct Conversion Field 
Entry into the direct conversion business—via creation 
of a Thermoelectric div—was announced last month by 
General Instrument Corp. The division will be headed 
by Melvin Barmat, formerly project manager on 
SNAP-3 at Martin Co. It expects to employ 50 scien- 
tists within a year for work on both nuclear and con- 
ventional conversion devices. 
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UO: Plant Brought on Stream by Spencer Chemical 

A 100,000 Ib/yr uranium-oxide plant was brought on 
stream last month at Spencer Chemical’s Jayhawk 
Works near Pittsburg, Kan. It will be used primaril 

to process UO: at low enrichment (5% or less); a 
onalieg plant at Jayhawk processes materials of higher 
enrichments. 


Eisenbud Leaves AEC; Hollingsworth Promoted 
Merrill Eisenbud, general manager of AEC’s New York 
Operations Office since 1954, has resigned to join the 
New York University-Bellevue Medical Center as pro- 
fessor of industrial medi- 
cine. He will direct a 
new lab of the Institute 
of Industrial Medicine for 
the study of long-range ef- 
fects of radioactivity on 
man. . . . Robert E. Hol- 
lingsworth, assistant to 
AEC general manager Al- 
Eisenbud Hollingsworth Vin Luedecke, has been 
promoted to deputy gen- 
eral manager. William H. Slaton, former assistant 
manager at Albuquerque Operations Office, has been 
named deputy assistant to Luedecke. 


Euratom Research Board Gets U. S. Recommendations 


AEC officials said last month about a dozen proposals 
of U. S. industry, involving $6.5-million, had 3 rec- 
ommended to the U. S.-Euratom research-and-develop- 
ment board for its approval. The AEC review group 
also recommended rejection of another 30 or so total- 
ling about $3-million. The joint review board was to 
consider all pending U. S. proposals, as well as those 
submitted by Euratom interests, at a meeting in mid- 
September. Meanwhile, it was learned that Amasa 
Bishop, U. S. scientific representative to Euratom and 
five of its member countries (all but France), is pre- 
paring to leave his post around the end of the year to 
take an academic job in the U. S. 


Mergers: One Off, One On 

Victoreen Instrument Co. and Tenney Engineering have 
indefinitely broken off their merger talks (NU, Sept. ’59, 
159). Chief stumbling block, according to the firms, 
was failure to agree on future expansion policy; one of- 
ficial saw a possibility of a renewed merger effort later 
in the year. . . . Robinson Technical Products, Teter- 
boro, N. J., has acquired all outstanding stock of High 
Vacuum Equipment Corp., Hingham, Mass. High 
Vacuum will be operated as a subsidiary of Robinson. 


Industrial Radiation Developments 

Baird-Atomic reported a record backlog of $7-million at 
the end of August and predicted a 50% increase in sales 
for the year beginning Oct. 1 (to $12-million). Much 
of the increase, the firm said, would stem from sales of 
special systems and devices to the government. Mean- 
while it was learned that Jack Carlin, president of the 
recently acquired Atomic Associates and Atomic Acces- 
sories, was being given major responsibility at Baird- 
Atomic for its line of nuclear instruments, under Presi- 
dent Davis R. Dewey. . . . Industrial Nucleonics has 
moved into new quarters just outside of Columbus, 
Ohio (75,000 sq ft). . . . Vitro Engineering has been 
selected by the Navy to design-engineer a $1.7-million 
high-level radiation lab at the Naval Research Lab. 


27 





R O U See 


AEC Aim: Fast Decision 
On Advanced Test Reactor 


AEC last month took the second 
of three steps expected to lead— 
later this fall—to a decision on gov- 
ernment or private construction of 
an advanced, high-flux test reactor. 

This latest step was circulation of 
a “quickie” questionnaire to indus- 
try designed to show its needs for 
test-reactor space over the next 5-6 
years. Replies were expected in 
late September from reactor manu- 
facturers, fuel-element fabricators, 
utility firms, control-system manu- 
facturers, other interested parties. 

Earlier, AEC had assigned con- 
ceptual design of an advanced test 
reactor to Phillips Petroleum, which 
was looking at both a modified ver- 
sion of the Engineering Test Re- 
actor at Idaho and a flux-trap de- 
sign (with two fuel annuli) of In- 
ternuclear Corp. Phillips’ recom- 
mendation was to be in AEC’s 
hands by Oct. 1. 

Within a few days thereafter, 
AEC expected to complete the third 
step: a canvass of industry interest 
in—and conditions for—building the 
advanced reactor with AEC finan- 
cial support via long-term contract. 

By November, when AEC will 
be nearing its deadline for making 
budget commitments for fiscal year 
1961, the Commission wants to be 
in position to decide the basic issue: 
Government or private construction. 


B&W Meets Medium-Flux Needs 


This question was decided once 
this year in favor of industry (NU, 
Aug. ’59, 22), when AEC accepted, 
as a basis for negotiation, the pro- 
posal of Babcock & Wilcox for con- 
struction of a variable-power test 
reactor at Lynchburg, Va. But 
AEC officials say that this plant 
(neutron flux 4 x 10") will be used 
to meet medium-flux requirements 
of the fuel-cycle-development and 
 eeaprcrr programs. The high- 

ux requirements of the naval re- 

actors program (up to 2 x 10”) 
must be met by the reactor now 
under consideration. 

Meanwhile, an AEC negotiating 
team was on the road late in August 
to talk to B&W about its proposed 
reactor and to Westinghouse (WTR) 
and General Electric (GETR) about 
the terms and conditions under 
which they will lease space. 

B&W, it was understood, was 
seeking a long-term contract from 
AEC large enough to permit amorti- 
zation of its reactor in 7-8 years. 


jects in Progress 


Federal 
funds 


NUCLEONICS Statistics of the Month 


Latest 
month 
Nuclear Contracts *— 
Contracts awarded for federal projects ($10) 2,347 
Proposed construction, privately-owned ($10) 0 
Contracts awarded, private work ($10*) 0 
Backlog of private projects ($10*) 285,549 


Month 


Year 


ago ago 


37,409 


28. 


3,638 

0 0 
1,791 4,375 
5,000 249 





Isotope Use t— 
Applications for isotope use 535 
Cumulative total of isotope users 5,187 
ORNL shipments (curies) 24,376 
Public and private export shipments 311 


575 548 


302 272 





Employment t— 
AEC employment 
Construction and design contractors’ employment 
Total operating contractors employment 
Production workers 
Research and development employees 
Miscellaneous workers 


6,750 
9,355 
105,928 
51,967 
49,217 
4744 


105,195 
51,930 
48,423 


7,005 
9,985 
103,686 
51,144 
46,177 
6,365 


6,785 
9,878 


4,842 





U. S.-built Reactors $— 


Operating Building Contracted 


Power, domestic 1 
Power, for export 0 
Power experiments and pilot plants 6 
Military and naval 10 
Research and test, domestic 61 
Research and test, for export 16 


Total 94 
Foreign-built Reactors $— 


Power, domestic 

Power, for export 

Research and test, domestic 
Research and test, for export 
Total 


8 
3 
6 
44 
19 
13 


93 


28 
2 
11 
6 


47 


8 
2 
0 
5 
55 


B. 
79 


17 
1 
11 
0 
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Rugged, compact RCLiac 128 
performs both analyzing and 
scaling operations. 
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ATOMIC 
SUBMARINE 
TRITON 


General Electric scientists and engineers from the Atomic Energy Commission's 
Knolls Atomic Power Laboratory selected the transistorized RCLiac 128 
Channel Scaler-Analyzer for use aboard the world's largest atomic sub- 
marine because of its reliability, compact size, low power consump- 
tion and ability to measure decay of short-lived nuclides. The RCLiac 128 
was used aboard the atomic submarine Triton to perform short half- 
life studies and other tests. The RCL 256 Channel vacuum tube 
analyzer had been used in earlier dockside tests. 


RCL instruments are found wherever reliability is important. The 
transistorized RCLiac 128 has proved particularly useful wher- 
ever space is at a premium. RCL vacuum tube analyzers are 
frequently used in larger quarters. RCL now offers four 
multi-channel vacuum tube analyzers: RCL 256, RCL 
512, RCL 1024, and RCL 2048. Specifications are 
available for each model. 


For complete information on RCL’s transis- 
torized and vacuum tube analyzers, 
write Dept. 110, 


RADIATION 
COUNTER 


LABORATORIES 
5121 W. Grove 
Skokie, Ill., U.S.A. 


ORchard 
Launching 3-8700 


of Atomic 
Submarine 
Triton 
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NUCLEAR DATA, Inc. 


AND 
é 
SPECTACULAR 
NEW 


256 CHANNEL ANALYZER 


NUCLEAR DATA laboratory system. Dramatically advanced design gives, at lower 
cost, operating specifications beyond those of latest models of the Argonne 
256 channel analyzer. Deliveries start in November. Two year warranty. 


LABORATORY SYSTEM, as shown above. The NUCLEAR DATA analyzer has BATTERY OPERATED PORTABLE 
been designed by Robert W. Schu- 
$14,900 complete. Includes mann, formerly of Argonne National $13,200 complete. Includes 
256 channel analyzer, with Laboratory, designer of the ANL 1024 
Precision ADC channel time analyzer, and the ANL 256 channel analyzer, with 
Ferrite core memory 256 channel pulse height analyzer; Precision ADC 
and Norman §S. Jones, formerly of 


Live timer Ferrite core memory 
Radiation Counter Laboratories. 
Log readout Live timer 


ie eeniinn A 16-page brochure, giving full de- Manual decimal readout (Nixie) 
; tails about the NUCLEAR DATA analy- A.C. or D.C. operation 
Error-free decade lines zer, may be obtained by contacting fe. ats 
and other unique features our exclusive sales representative: 
IBM typewriter and control Scintillation detector 
Tektronix readout oscilloscope CHARLES P.O. Box 244 High voltage supply 
Scintillation detector WALSH Deerfield, Illinois Total weight 60 pounds with 


High voltage supply ASSOCIATES IDlewood 3-2800 80 hour battery 


Battery power 10 watts total 


NUCLEAR DATA, INC., 145 N. Washington Street, Wheaton, Illinois, MOntrose 5-1591 
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At this moment K&M precision valves are on-stream in some of the “hottest” lines in 
the country. It is their job to keep a sure and steady hand on the flow of radioactive fluids 
in shipboard and land-based installations. It is K&M’s job to make certain that each of 
these valves meets the exacting specifications for this most critical service. To do it, K&M 
uses radiographic inspection, high-temperature helium leak testing and more than eight 
hundred separate dimensional check-outs. You, too, can benefit from K&M’s unfailingly 
high standards of quality and craftsmanship the very next time you consider the purchase 


of a valve for fluid control. The thing to remember is the name: Kieley & Mueller, Inc. 


diaphragm control valves, - KIELEY & MUELLER, INCORPORATED 


Our 79th Year \. ’ Oldest Pressure and Level Control Valve Manufacturer 
ilbeicns & 64 Genung Street, Middletown, New York 
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Tubexperience in action 


Nuclear-Quality Heat Exchanger Tubing 
Made to Superior’s Specification STC -104 


Superior has established a new quality-level for heat exchanger tubing to answer the demand for 
the high degree of precision required in the nuclear field. Superior’s new Specification STC-104 


sets new high standards of manufacture for nuclear-quality heat exchanger tubing in five grades 
of stainless steel in a range of sizes up to 14% in. OD. Here are some of the requirements it stipulates: 


MATERIALS. Nuclear-quality heat exchanger tubing shall be 
produced in AISI types 304, 304L, 316, 347, 348 and other 
austenitic grades as required. 


RAW STOCK QUALITY. Shall be selected from high-quality 
tubing hollows. A statistical sampling of the tube hollows shall 
be made to select stock with the most uniform dimensions. 


IN-PROCESS INSPECTION. Inspectors shall check work in 
process for general surface appearance, size and handling pro- 
cedures to prevent damage to the tubing. 


FINISH QUALITY. OD and wall thicknesses shall be held 
within commercial tolerances unless otherwise specified. Ovality 
shall be within 3% of the theoretical average OD. Commercial 
straightness (1 part in 600) shall apply. Dimensional checks shall 
be made on a 100% basis. Outside surfaces shall be 100% 
visually inspected. 


MECHANICAL PROPERTIES. Shall conform with ranges 
established by Superior’s Metallurgical Department. Typical of 
the properties given in STC-104 are those shown here for Type 348: 
Ultimate Strength Yield Strength % Elongation 
(psi) (psi) in 2 in. 
75,000- 105,000 30,000-57,000 37 min. 


CLEANLINESS. Inside and outside surfaces shall be bright and 
free from discoloration, grease, dirt, metal shavings, metal par- 
ticles, and other foreign matter. 


FLARING & FLATTENING. Tubing shall be flared with a 
tool having a 60-degree included angle without cracking or 
showing flaws. Tubing shall be flattened cold between parallel 
plates to a distance of three times the wall thickness without 
cracking or breaking. 


SURFACE ROUGHNESS. When specified, surface roughness 
shall not exceed 63 microinches on either the inside or out- 
side surfaces. 


NONDESTRUCTIVE TESTING. A dye penetrant test will be 
made on a Statistical sampling basis. No imperfections greater 
than 10% of the wall thickness shall be permitted. On tubing 
with .040 in. wall and heavier, no defects shall exceed .004 in. 
Tubing which is Eddy Current tested shall be within the above 
maximum defect level. Mill consultation is required for ultrasonic 
testing. When specified, it will be done to a .004 in. defect level for 
tubing 4 in. OD or larger x .040 in. wall and heavier. Hydro- 
static testing shall be performed on all tubing. 


For full particulars on Nuclear-Quality Heat Exchanger Tubing, write for a copy of Superior 
Specification STC-104 and also of Data Memorandum #20. Superior Tube Company, 2027 Ger- 


mantown Ave., Norristown, Pa. 


Syoevir file 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2¥. in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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SOLENOID VALVES 
FOR NUCLEAR REACTORS... 


ASCO FOUR-WAY VALVE- 
CONTROLS ISOLATING VALVE IN 


From ASCO’s nuclear energy facilities — the only ones in the Solenoid Valve 
industry to include a hot test loop — now comes a complete family of solenoid 
valves tailored to atomic energy requirements. 


Typical is the 4-way valve illustrated above designed for the control of the main 
cylinder-operated isolating (stop) valve in the circulating loop. This stainless 
steel, packless type (hermetically sealed) valve features exceptionally tight 
seating—through beveled, poppet-type seats and discs. Solenoid pilot controlled 
and available with manual override, it is supplied in 1” size. This unit is suitable 
for 2500 P.S.I. differential pressure at 600°F. 


Like all other ASCO Solenoid Valves designed for nuclear reactor systems, 
this valve has passed the most rigid tests under faithfully duplicated working 
conditions. ASCO 4-way Solenoid Valves are now in use on nuclear submarines 
powered with water-cooled reactors. Uniformly reliable and maintenance-free, 
ASCO 2, 3 and 4-way Valves are specified for primary and secondary systems of 
nuclear reactors, as well as for instrumentation control. 





CIRCULATING LOOP 


For further information, request “ASCO Valves 
for Nuclear Reactors” and Catalog No. 202. 


ASVG. 


Automatic Switch Co. 


52-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 


Typical ASCO Solenoid Valves for submarines, military and commercial surface ships, and industrial power plants: 


Primary System Secondary System 


By-Pass 
Coolant Valve 





Instrumentation Control 


a 


2-way 3-way 
Valves Valves 














We Save up to 50% by using our service. You 
may purchase or rent any type or style of 
protective clothing, either cotton or syn- 


SME First in the field licensed by A. E. C. in 


ee Fully accredited to accept any by-product 
source or special nuclear material. 


LEAK yrdYaunvies, we. 


P. O. Box 4145 


34 
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General Electric Energy Storage 
and Discharge Capacitor Systems 
Provide POWER FOR RESEARCH 








. 5 | 


rr 
to million-joule banks. 





These energy-storage and discharge 
capacitors represent G-E custom de- 
sign for optimum cost per joule in 

licati g from a few units 


GENERAL ELECTRIC CAPACITIVE 
SYSTEMS, backed by over 30 
years of research and develop- 
ment, provide the optimum 
combination of system effi- 
ciency, speed of discharge and 
economy of operation for 
pulsed power research prob- 
lems. 


A COMPLETE G-E SYSTEM, ca- 
pacitors and associated equip- 
ment, can be designed into a 
package to store energy meas- 
ured in a few or millions of 








FOR YOUR 


CONTAMINATED | 
CLOTHING PROBLEM! 


NUCLEAR LAUNDRY SERVICE offers 
you a constant low-cost supply of 
fresh, clean protective clothing for 


your personnel. 


thetic material. 


1957. 


rs 


joules and capable of peak discharge in 
fractions of a second. Coordinated in a 
complete G-E package are matched charg- 
ing equipment, rectifiers, controls, protec- 
tive devices, racks, and various other 


components. Installation and testing are 
supervised by qualified General Electric 
personnel to assure peak performance. 


WHEN YOUR WORK demands controlled 
power for research with wind tunnels, 
plasma generators, ionic propulsion de- 
vices, or similar equipment, General Elec- 
tric offers a single source of supply. 


FOR OPTIMUM COST PER JOULE and max- 
imum service life commensurate with duty 
cycle, General Electric custom designs ca- 
pacitors, in a wide range of ratings, to fit 
your particular installation requirements. 


FOR FURTHER INFORMATION contact your 
nearest Apparatus Sales Office or sales 
representative, or write Section 447-15, 
General Electric Co., Schenectady 5, N. Y. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 











Waterbury 14, Conn. 


FOR PRODUCT INFORMATION 
IN THE NUCLEAR INDUSTRY 


Turn to the... 


NUCLEONICS 
BUYERS’ GUIDE 


(IN THE NOVEMBER ISSUE) 


A McGRAW-HILL PUBLICATION 
330 WEST 42ND ST., NEW YORK 36, N.Y. 
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design problems can be simplified with 
ESCO’S nuclear casting know-how 


Solving tough casting problems has always been ESCO’s specialty. 
And that’s why ESCO has been furnishing nuclear castings right from 
the start of the atomic energy program. Nuclear casting specifications 
and inspection requirements are thoroughly understood at ESCO. 


ESCO has the facilities, as well as the technical know-how, for critical, 
exacting, casting jobs. Centrifugal, shell or static casting methods 
produce castings weighing several tons, or less than a pound, in more 
than 90 steel alloys. Testing facilities include X-ray, gamma ray, 
spectrograph, zyglo, dye penetrant, magnetic particle and betatron 
inspection, as well as complete chemical and mechanical laboratories. 


Make an appointment with an ESCO metallurgical engineer today. 
He may be able to simplify and help solve your designing problems. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2165 N.W. 25TH AVE. « PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
FSCO INTERNATIONAL, NEW YORK, N. Y. 

IN CANADA ESCO LIMITED 
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SCRAM INITIATING LEVEL 


BRAKE IMPACT VELOCITY 
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ACCELERATED 
SCRAM 




















TIME SECONDS 
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VARIABLE ORIFICE 
BRAKE PERFORMANCE 





STROKE 











BRAKING 
REQUIREMENTS 


LEAKAGE RATE 
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LABYRINTH 
SEAL PERFORMANCE 





EQUIVALENT HOLE DIAMETER 





Precision, Dependability and Low Cost 
of General Mills control rod drives 


are the trademarks 


Control rod drives were first developed 
by General Mills for use on research 
reactors. The principal design objec- 
tives were faultless dependability and 
pinpoint precision — achieved at the 
lowest possible cost. We met these ob- 
jectives. Since then, custom designs, 
assuring the same dependability and 
precision, have been completed for gas 
cooled and pressurized reactors. 


We have solved—and can help you solve 
in the future— problems of accelerated 
scram, corrosive environment, high 
pressure seals, minimum mounting 
space, high temperature, low head room, 
and the ever-present problem of cost. 


Control rod drives and other devices 
designed and produced by the Nuclear 


NUCLEAR 
EQUIPMENT 
DEPARTMENT 


Equipment Department of General 
Mills—notably the Mechanical Arm— 
are presently in use in atomic energy 
installations throughout the country. 
Whatever your particular remote 
handling requirements may be, chances 
are you'll save time and money by 
contacting the Nuclear Equipment 
Department. We have the experience 
and the capabilities to give you com- 
plete design service, in addition to 
actually producing the device you need. 
For specific information, write: 

Nuclear Equipment Department 

Mechanical Division, 

General Mills, Inc. 

419 North Sth Street 

Minneapolis 1, Minneaota 


First In Remote Handling 


MECHANICAL DIVISION 


Minneapolis, Minnesota 
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STROMBERG -CARLSON 
s orvision ofr GENERAL DYNAMICS 


1496 N. GOODMAN STREET « ROCHESTER 3, N. Y. 
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A TALENT 
FOR MODULAR 
NUCLEAR 
CONTROL 
SYSTEMS 


MODULAR CONSTRUCTION 


1. Plug-in, interchangeable modules for 
ease of maintenance;* 2. self-test and self- 
monitoring circuitry; 3. simplified design 
for maximum reliability. 


SOLID STATE DESIGN 


1. Fail-safe operation; 2. long life and high 
stability; 3. resistance to shock and vibra- 
tion—microphonics eliminated; 4, short 
response time; 5.reduced power require- 
ment; 6. reduced size. 


High sensitivity for start-up; two decades’ 
overlap between source, intermediate and 
power ranges gives complete continuity of 
measurement. 


CURRENT PROJECTS Marine 
Power Plants * Portable Power Installa- 
tions * Commercial Central Power Stations 


Brochure with data sheets 
and photographs on request. 


Engineers and scientists with 
experience in solid state elec- 
tronics interested in joining 
this expanding program may 
contact— Manager of Tech- 
nical Personnel. 














D&W reactor vessel manufactured for the Belgian Thermal Reactor, BR-3, 
designed by Westinghouse Electric Corporation, Atomic Power Department. 


MORE NUCLEAR POWER FOR EUROPE 


This is the 14th pressurized water re- 
actor vessel shipped of a total of 34 
ordered from The Babcock & Wilcox 
Company, U.S.A. 

B&W’s continuing search for im- 
proved nuclear products is helping to 
speed the practical application of nu- 
clear energy throughout the free world 
For more information, write The Bab- 
cock & Wilcox Company, Barberton, 
Ohio, U.S.A. 


NC-111 


38 


Der l4te von 34 bei The Babcock & 
Wilcox Company, U.S.A., in Auftrag 
gegebenen Druckwasserreaktor-Tanks 
wird verladen. Die fortwahrende For- 
schung der B&W nach besseren Atom- 
produkten befirdert die praktische An- 
wendung der Atomenergie in der gan- 
zen Welt. Fir nahere Auskunft, bitte 
sich zu wenden an The Babcock & Wil- 
cox Company, Barberton, Ohio, U. S.A 


Pa 


Le 14iéme vaisseau du réacteur 4 eau 
sous pression d’une commande totale 
de 34 unités, passée 4 la société The 
Babcock & Wilcox Company, E.U.A., 
est embarqué. 

La recherche constante de B&W pour 
améliorer les produits nucléaires con- 
tribue 4 activer l’application pratique 
de l’énergie nucléaire 4 travers le 
monde. Pour plus de détails, écrivez a 
The Babcock & Wilcox Company, Bar- 
berton, Ohio, U.S.A. 


' THE BABCOCK & WILCOX COMPANY 





BOILER DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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FACTS 
you should know about ’ 


commercial uranium 


What is Commercial Uranium? 


Commercial (depleted) Uranium—the uranium isotopes 
remaining after the removal of U-235 (with radiation 
exposure about equal to that obtained in watching your 
TV set)—possesses many inherent qualities of interest 
to many industries. 


Uranium has many interesting properties. 


For example, Davison Uranium has excepti ensity 
—68Q% greater than lead and about equal to gold. This 
indicates usages as counterweights in aircraft, shipbuild- 
ing, tool making industries—wherever high weight and 
low volume are factors. It alloys readily with many met- 
als including aluminum, chromium, copper, iron, manga- 
nese, molybdenum, niobium, nickel, silicon and zirconium. 
Corrosion resistance is increased when uranium is alloy- 
ed with one of these metals. Davison Uranium possesses 
high tensile strength and low thermal expansion. While 
fairly hard (Brinnell 240) at room temperature, uranium 
becomes very malleable as temperature rises. At 1100° 
F. its hardness drops to about 20. 


Is Davison Uranium easy to fabricate? 


Davison Uranium may be melted and cast into any de- 
sired shape. It may be formed by extrusion, drawing, 
rolling, swaging, pressing or forging. 


You can machine Commercial Uranium with conven- 
tional carbide-tipped machine tools, bearing in mind that 
it has work-hardening characteristics similar to those 
of stainless steel. 


It is necessary to machine uranium under water solu- 
ble lubricants. Commercial Uranium has been machined 
on a number of tools including lathes and automatic 
screw machines, saws, high-speed mills and centerless 
and surface grinders. 


How about welding? 


Success in welding Davison Uranium has been achieved 
using the Heliarc and shielded arc-consumable elec- 
trode process. At this date experiments continue in 
joining uranium to uranium by brazing or soldering. 
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How has Commercial Uranium been used? 


Present applications include shielding materials, tela- 
therapeutic heads, isotope containers; as counter- 
weights and static balances. And, for many years, as 
coloring agents and glazes. 


Is Davison Uranium safe? 


Radiation hazards are minor. AEC tests indicate that 
~a week's exposure to depleted Uranium is only about 
1/10th to 1/100th the radiation received from an ordin- 
ary chest X-ray. 





However, just as other heavy metals such as lead are 
toxic if breathed, care must be exercised to avoid in- 
halation of uranium dusts. A properly ventilated work 
area removes this dusting problem. 


Must special storage precautions be taken? 


Uranium metal (except fines) can be handled and stored 
with methods similar to those used with any other massive 
metal. Fines, however, are flammable and should be 
stored under oil or water. 


Is Commercial Uranium expensive? 


Not at ai)?For example, in lots of 1400 pounds or more 
mmercial Uranium is priced at just $4.60 per pound 


—considerably cheaper than other heavy metals, with 
the advantage of superior density. 


Need more information? 


’ A letter will bring you additional details for the appl 
r 


cation of Commercial Uranium to your products o 
processes. Write today to Department A-210, Erwin, 


Tennessee. j 
f 


cl 


w.r. GRACE aco. 
DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 





EEEZZ- 


SEZ 


NN plant near Naples. 


A new atomic power plant for Italy...the SE 
Engineering and construction is being handled by Ebasco. This 
project is backed by Ebasco’s 54-year reputation for outstand- 
ing quality in diversified engineering and construction work. 


—<f 


ero * CONST 
Consulting Engineering + Design & Construction + Facilities Planning o Ye, 
Financial & Business Studies - Industrial Relations + Insurance, Pensions & 3 EBASco 
Safety + Purchasing, Inspection & Expediting + Rates & Pricing + Research % 
Sales, Marketing & Public Relations + Systems, Methods & Budgets + Tax 
Valuation and Appraisal +» Washington Office 
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Cesium 137 spectrum photo- 
graphed from CRT display of 


Ferrite Core Memory 
200 Channels 
Add-Subtract Logic 
Auto-Print 

Auto-Record 

Automatic Background 
Subtraction 

Memory Subgrouping 
External Programming 
Spectrum Transfer Circuit 
Coded Decimal Storage 
Parallel Coded Decimal 
Readout 

Multi-Channel Scaler 
Operation 


10° Count Capacity 
Installation by Factory 
Engineer 


Course of Instruction 
Offered 


RIDL is proud to announce the development — production — and 
delivery of the Model 34-8 Transistorized 200 Channel Analyzer. This 
unit is a completely new approach to the field of multi-channel 
analysis. This new approach, in conjunction with solid-state tech- 
niques — i.e., transistors in place of vacuum tubes, printed cir- 
cuitry, etc.— allows compactness, low power consumption and 
heat dissipation and high reliability. 


The STANDARD Model 34-8 is capable of operation as either 
a Multi-Channel Pulse Height Analyzer or a Multi-Channel Scaler 
(Time Analyzer). There are no extra plug-in modules to purchase 
in order to perform these separate functions. The change from 
one analysis mode to another is accomplished by the use of a 
single toggle switch. 


In the Model 34-8, data is stored in the memory in coded decimal 
form. This, in conjunction with parallel coded decimal readout 
directly from the data register to the printer, eliminates the need 
for a ‘Binary-to-Decimal Decoder’. The printout speed is there- 
fore limited only by the particular printer used. 





The Model 34-8 is another of the NEW line of instruments designed 
ond developed by RIDL. Whatever your instrumentation problem may 


Available soon! 
Model 34-12 
Transistorized 400 


be, RIDL has the solution. Our staff is always available to answer your 
inquiries. Write today to Dept. 57 for complete information. Channel Analyzer 


IRA) Radtation Srshonneanil Development Laboratory, Sos. 


ra 5737 South Halsted Street, Chicago 21, Illinois © Phone TRiangle 3-2345 


Representatives in major cities 
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Are you interested... 

in stainless steel piping, fabricated 

pressure vessels, de-mineralizers, 

test loops, or similar components 

=a ; al to harness high-pressure, high- 
eo 4s Fe has temperature steam, gases, or 


¥ 
DS idle dhe Ce dt 


liquids in nucleonic installations? 
Call on Pittsburgh Piping. 
Complex test loo The test loop shown at the left is one of 
p scores of fabricated assemblies we have pro- 
duced for leading builders of nucleonic equip- 
ment, and for government agencies. Our 
...tabricated by laboratory, engineering, shop, testing, and 
erection facilities are highly specialized for this 
type of work. Use them on your next nucleonic 
j iDi piping job. 
Pittsbu rg h Pi prey Our representative will call on request or we 
will be glad to have you visit our plant. 





PIONEER FABRICATOR OF HIGH PRESSURE PIPING FOR NUCLEONICS 


AND EQUIPMENT COMPANY 


. a ae 158 49th STREET « PITTSBURGH 1, PA. 
Canada: CANADIAN PITTSBURGH PIPING, LTD., 68 YONGE STREET—TORONTO, ONTARIO 


Atlanta....Whitehead Building Cleveland. ..Public Square Building New York.. Woolworth Building 


PP-42 
Chicago. . Peoples Gas Building New Orleans.......P.O. Box 74 
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One of the leading figures in nuclear 
reactor development in this country, 
J. M. Harrer, MSE, participated in 
the Geneva Conferences and similar 
nuclear activities in Norway, France, 
Italy and Australia, He # Chairman, 
Chicago Section of the American Nu- 
clear Society, Chairman of the AIEE 
Subcommittee of Reactor Instrumen- 
tation, and a member of 12 other nu- 
clear groups. He is presently Associate 
Director, Reactor Engineering Divi- 
sion, Argonne National Laboratory 
which is operated by the University 
of Chicago for the AEC. 


His problem: 


To develop 
an economically 
practical nuclear 


power reactor 


The name of this 
scientific American: 
J. M. Harrer, 
Argonne National Laboratory 


“In our search for an economically 
feasible nuclear reactor, we have 
reasoned that if we can learn to 
bring together the rare elements of 
human know-how at the right time 
and under the right conditions— 
we'll release a chain reaction of 
ideas that lead to a successful de- 
sign.”” So comments J. M. Harrer, 
Associate Director of Reactor En- 
gineering, Argonne National Labo- 
ratory, Lemont, III. 
Harrer’s emphasis on human re- 
sources has produced results. His 
staff, working with control engi- 
neers, has been able to automati- 
cally position the reactor control 
rods which function as throttles in 
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keeping reactor output at the re- 
quired level. His team has also de- 
veloped a highly desirable “zero 
steam bypass”’ for boiling water re- 
actors which saves the significant 
percentage of reactor output for- 
merly used as a control “cushion.” 


Other reactor engineering accom- 
plishments of the Argonne facility 
include: first significant amount of 
electric power from a nuclear reac- 
tor, first atomic power to light an 
entire town, first completely inte- 
grated breeder reactor ...as well as 
basic development for military re- 
actors. Advances such as these bring 
America much closer to the reality 
of economical nuclear power. 


Leeds & Northrup men work closely 
with Harrer’s team of scientists, 
converting ideas into controls that 
do the required job. . . frequently 
in unexplored areas of the nuclear 
control science. 

Look closely at the many L&N in- 
stallations in the atomic energy 
field ...in any major industry... 
and you'll see the kind of quality 
which scientifically-minded leaders 
respect. 


TT 
ied 
: LEEOS & NORTHRUP 
ine 


7} 4936 STENTON AVE PHILADELPHIA 44 
ft 
QUALITY systems engineering 
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Last year, traffic accidents killed 37,000, injured 1,400,000 


.--and they wasted Five Billion Dollars! 
Traffic accidents’ human toll is so tragic we sometimes overlook their 
staggering economic waste. Five Billion Dollars in lost wages, medical 
expenses, insurance costs and property damage! Your business—every 
business—shares in this loss. So you have a double interest in helping 
reduce traffic accidents. And you can help! Drive safely and obey the law 
yourself .. . certainly. But go further. Use your influence to promote safe 
driving and urge strict law enforcement. To make your efforts more effec- 
tive, join with others working actively to reduce traffic hazards in your 


community. Support your local Safety Council! 
G@®@ 


. 
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Where traffic laws are strictly enforced, deaths go DOWN! 


Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 
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Allis-Chalmers Greendale research and development 
center for nuclear power also includes a critical facil- 
ity of a full-scale mock-up of the Pathfinder reactor. 


Allis-Chalmers is 


erowing fast... 
in the Nuclear Power business 


Allis-Chalmers is growing dynamically 
in the nuclear field ... completely capable of 
taking projects all the way from “talk-about” 
to start-up. Here’s a special report on Allis- 
Chalmers broad capabilities and resources. 

Well known for many accomplishments in 
the electric power field, Allis-Chalmers has 
for some time realized that an ever-increasing 
part of the electric power needs of the future 
will be supplied by Nuclear Energy. 

In order to always stay ahead of this trend, 
A-C has moved to strengthen its position in 
the swiftly advancing nuclear reactor field. 
Most recent evidence of this was the acqui- 
sition of the reactor engineering organization 
and reactor business of ACF Industries. 

In this move, A-C added to a competent 
and experienced nuclear power staff, a group 


of nuclear scientists and engineers with a 
distinguished record of accomplishments in 
the design and construction of reactors both 
here and abroad. 

Combining this outstandingly versatile 
nuclear reactor know-how and Allis-Chalmers 
broad electric power equipment experience 
with vast production facilities provides a 
vital resource to meet the growing demand 
of the Atomic Energy industry. 

Today, whether your nuclear power plans 
are at the “talk-about and investigate” stage 
or are ready for plans and estimates, you 
should get better acquainted with what Allis- 
Chalmers can offer. Now turn the page for 
a look at what A-C has done... and is doing 
. . . for others. Check the wide experience 
which can be put to work on your problem. 








Built or Building 


unmatched reactor versatility 


from Allis-Chalmers 


. Allis-Chalmers responsibility also includes 


"supervising construction, installation, and start-up 
’ of this 30,000 kw reactor. 














The nine reactors described on these pages 
have been built...or are now being built... 
by the Allis-Chalmers staff of reactor specialists. 

Training reactors, research reactors, test re- 
actors, and several types of power reactors... 
these all have contributed to the broad experi- 
ence in design, development, erection, operation, 
and maintenance unique with Allis-Chalmers. 
New developments swiftly influence existing 
concepts. That’s why it is important that you 
work with people who have versatile experi- 
ence, a solid record of accomplishment, and 





proven creativity ... in short, the talented 
Atomic Energy Division of Allis-Chalmers. 


New Brochure 
Like to learn more about us? We have a new 
brochure which gives complete details. Write 
Allis-Chalmers, Atomic Energy Division, Mil- 
waukee 1, Wisconsin. 


ALLIS-CHALMERS <4© 


A-1187-PI 








able CN-110 256-channeil pulse 
analysis system —can be changed from pulse 
height analysis to time-of-flight to pulsed neu- 
tron measurement — or to some special pro- 
gram — simply by interchanging the compact 
plug-in logic units in the front panel. The basic 
computer with plug-in weighs only 30 Ibs., 
and can be bench or rack-mounted or carried 
anywhere in a portable case for laboratory or 
field work. Power consumption is only 25 
watts — needs no auxiliary cooling ...can be 
set up for analog, digital or binary readout of 
various methods. 


...new portability in TMC instruments 


These new instruments from TMC, with completely transistorized 
circuits and efficient, straightforward design, are the most 
practical answer to the need for portable yet accurate pulse 
measurement instruments. Whether in a laboratory or in 
the field, the extreme reliability, accuracy and compactness 
of these instruments combine to provide convenient, 
dependable operation wherever they are set up. 

The SG-10A Serviscaler is an extremely 

economical and portable instrument de- 

signed for training or general laboratory use. 

All-transistor circuits are housed ina 12 Ib., 

12%" x 9” x 5%” package. Continuous high 

voitage, adjustable from 600 to 1600 volts; 

resolving time better than 200 ywsec; power 

consumption of only 20 watts. Price is $350. 


TMC also manufactures a complete line 
The No. 220 Data Handling Unit — a logical com- of single instruments, systems and related 
Ppanion to the CN-110, is both a timer and data- 
handling unit. During the CN-110's accumulation 4 
cycle the 220 can be used for true or live timing, Complete details are available on request. 
then instantly switched to a manual, semi-, or fully- 
automatic digital readout cycle (destructive or non- 
destructive). The compact 220 may be used with 


various paper tape punching and printing ma- TMC 
chines. iG 
TECHNICAL MEASUREMENT CORPORATION 


441 WASHINGTON AVENUE, NORTH HAVEN, CONNECTICUT 
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equipment for radiation measurement. 





Experience—the added alloy in A-L Electrical Steels 


PERCENT IMPROVEMENT PERMEABILITY 


200 


GAUSSES—STANDARD TEST FLUX DENSITIES 


Greater permeability for 


Allegheny Ludlum’s AL-4750...and it’s guaranteed 


promises more consistency, higher predict- 
ability for magnetic cores 


AL-4750 nickel-iron strip now has higher guaranteed per- 
meability values than ever before. For example, at 40 
induction gausses AL-4750 now has 57% higher perme- 
ability than in the past, using the standard flux den- 
sity test. 

This greater permeability means better consistency and 
predictability for magnetic core users . . . and allows 
careful, high performance design. 

This improvement in AL-4750 is the result of Allegheny 
Ludlum's continuing research on electrical alloys and 


WSW 7491 


nickel-bearing steels. Moly Permalloy has been similarly 
improved in permeability. A-L constantly researches sili- 
con steels, including A-L’s well-known grain-oriented 
silicon, Silectron, and other magnetic alloys. 

Complete facilities for the fabrication and heat treat- 
ment of laminations are available at Allegheny Ludlum. 
And A-L’s technical know-how guarantees you close gage 
tolerance, uniformity of gage throughout the coil and 
minimum spread of gage across the coil-width. 

If you have a problem on electrical steels, laminations 
or magnetic material, call A-L for prompt technical as- 
sistance. Write for blue sheet EM-16 for complete data on 
AL-4750. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. NC-22 


ALLEGHENY LUDLUM 


STEELMAKERS TO THE ELECTRICAL INDUSTRY 


Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 
Export distribution, Laminations: AD. AURIEMA, NYC 4 


Vol. 17, No. 10 - October, 1959 





“..an investment 
that makes 
all other 
investments 
worthwhile”’ 


JOHN COLLYER 
Chairman of the Board 
The B. F. Goodrich Company 


“For much of our nation’s progress, technologically, economically and 
socially, we must look to the excellence of our institutions of learning, 
whose students of today will be the scientists, the managers, the states- 
men and the cultural and religious leaders of tomorrow. 

“Tt is the responsibility of the American people and American industry 
to provide the financial aid so urgently needed now by our colleges and 
universities. 

“Join this important crusade. Contribute today to the university or 
college of your choice. You will be making an investment that makes all 


other investments worthwhile.” 


If you want more information on the problems faced by higher education, write to: 


Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 





Council for Financial Aid to Education 


a Same, 
Sponsored as a public service, in cooperation with the - (\=" a ‘Ce 
2 


ar Xs 
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Strat for reactor G 1 


Beryllium 


Nuclear purity flakes 
(metallic impurity < 3000 p.p.m. Boron < 2 p.pP.mM.) 


Also ready for delivery : 


Powdered, molten metal biocks, or sintered 
into sheets, bars, tubes or finished products. 


' PECHINEY Division Applications Atomiques 


23 RUE BALZAC PARIS 8° 
October, 1959 - NUCLEONICS 








To new members of the 


Special Tutroductory Offer CHEMICAL ENGINEERS’ Book Club 


(GOOD FOR LIMITED TIME ONLY) 


“Any one ZpFe 














WITH YOUR FIRST SELECTION 
VALUES FROM 


AND CHARTER MEMBERSHIP $5.00 TO $12.50 


Publisher's Publisher's Publisher's Publisher's 
Price, . Price, $8.75 Price, 
$12.50 $6.00 Club Price, $10.00 

Club Price, Club Price, $7.45 Club Price, 
$10.65 $5.10 y $8.50 


Nuclear Engineering, Edited by C. F. Compact Heat Exchangers by W. M Modern Instruments in Chemical The Properties of Gases and Liquids 
sonilla. Special engineering methods Kays and A. L. London. A summary Analysis by F. M. Biffen and W. Sea- by R. C. Reid and T. K. Sherwood 
nd theory for solving nuclear power of basic heat transfer and flow fric- man. Shows how to select and use Tested methods for estimating and 

gn problems tion design data. instruments for maximum accuracy correlating important physical prop- 


erties 


‘ 
panaTiON*s 
at wu atic 


Publisher's Publisher's Publisher's ; 3 Publisher's 
Price, Price, mae 
$7.00 $5.00 : 

Club Price, Club Price, . Club Price, Z Club Price, 
$5.95 $7.65 $4.25 $5.90 


Operational Mathematics, 2nd Ed. by Modern Physics for the Engineer, Mathematics and Computers by G. R. Management for Engineers by R. C. 
R. V. Churchill. Sound treatment Edited by L. N. Ridenour. Examines Stibitz and J. A. Larrivee. How Heimer. Aid your engineering future 
kings of subject and how and foundations of physical science on modern computers are solving prob- with these practical management 
n to use integral transformations which modern engineering is based. lems for the scientist, engineer, and methods 
businessman 


How many of the books shown here do you wish you had immediately at hand? 


Select one AS A GIFT! Choose from Nuclear twelve months there will be at least three you Send no money now. Just check any two 
Engineering, Compact Heat Exchangers, Manage- would buy anyway By joining the Club you save books you want—one FREE and one as your first 
ment for Engineers, and five other vohedi yourself the bother of searching and shopping, Club selection—in the coupon below Take ad- 
books your introduction to membership in and save in cost about 15 per cent from pub- vantage of this offer now, and get two books 
the Chemical Engineers’ Book Club. lishers’ prices for less than the regular price of one. 


If you’re missing out on important technical 
literature—if today’s high cost of reading curbs 
the growth of your library—here’s the solution 
to your problem. The Chemical Engineers’ Book 
Club was organized for you, to provide an eco- 
nomical technical reading program that cannot 
fail to be of value to you 
” . | The Chemical Engineers’ Book Club NU-10 Check 2 books: We will send the 
All books are chosen by qualified editors and 330 West 42nd Street, New York 36, N. Y. higher priced book as your FREE 
consultants Their thoroughgoing understanding | ‘ = . , 

ge ° P 4 Please enroll me as a member of the Chemical Engineers book: 
of the standards and values of the literature in = DEF : o" 
your field guarantees the authoritativeness of the Book Club. 1 am to receive my FREE book along we . 

my first selection, both checked at aay right. oe will Nuclear Engineering, $10.65 
bill me for my first selection only at the special club price, . " . . 
plus a few additional cents for delivery costs. (The Club Compact Heat Exchangers, $5.]0 
assumes this charge on prepaid orders.) Forthcoming se- Modern Instruments in Chemi- 
lections will be described to me in advance and I may cal Analysis $7.45 
decline any book. I need take only three selections or 


elections 


I 
How the Club operates. Every second month | 
you receive free of charge The Chemical Engi- | 
nee? Book Club Bulletin (issued six times a 
year This gives complete advance notice of the 1 
next main selection, as well as a number of alternates in 12 months of membership 
alternate selections. If you want the main selec- | PRINT ec oc 
tion you do nothing; the book will be mailed to | Name 4 Operational Mathematics, $5.95 
1 
| 


The Properties of Gases and 


' 
I 
l 
! 
I 
! 
Liquids, $8.50 | 
! 
I 
I 
! 
! 
I 


you If you want an alternate selection . or Address s Modern Physics for the Engi- 
f you want no book at all for that two-month : . neer, $7.65 

period notify the Club by returning the City Zone ae oe Spi . 

form in the envelope enclosed with your Bul- ( Mathematics and Computers 


Company : $425 
NO RISK GUARANTEE If not completely satisfied, you : 
may return your first shipment Management for Engineers 

| $5.90 NU-10 


We ask you to agree only to the purchase of 
three books in a year. Certainly out of the large 
number of books in your field offered in any 
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within 10 days and your membership will be canceled. 





TURBINE - GENERATOR 


CONDENSER 





LEGEND 
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-INTERMEDIATE HEAT EXCHANGER 


REACTOR ’ 
\Z SODIUM 


Fermi Atomic Power Plant 


Diagram of Enrico 


SODIUM-COOLED FERMI REACTOR 


WILL GIVE FAST BREEDER DESIGN 
FIRST FULL-SCALE PLANT TEST 


Enrico Fermi Reactor, now under construction on Lake Erie 
near Monroe, Michigan, is the first large-scale power plant 
of its type, will demonstrate feasibility 
of fast breeders for electric power production. 





FIVE OTHER 


The fundamental advantage in- 
herent in fast breeder reactors is 
that they produce more nuclear fuel 
than they consume. Consequently, 
this type of reactor will conserve 
and add to the nation’s reserves of 
nuclear fuels rather than deplete 
those resources. 

The Fermi Reactor, now being 
built by Power Reactor Develop- 
ment Co. (PRDC), is scheduled to 
go critical late next year. It is de- 
signed to generate 300,000 thermal 
KW, which will be converted to 
100,000 electrical KW through a 
conventional steam cycle. Detroit 
Edison will build and own the steam 
turbine-generator, which it will 
operate on steam purchased from 
PRDC. 

Liquid metallic sodium will trans- 
fer the heat generated in a tandem 
heat-exchange system. In the pri- 
mary loop, sodium will enter the re- 
actor at 550°F, leave it at 800°F 
This heat will be transferred to 


54 


secondary loops which will enter the 
steam generator at 750°F, leave it at 
500°F. Steam will be produced at 
740°F and 600 psia. 

Sodium meets the two major re- 
quirements for a fast breeder cool- 
ant: it does not moderate neutrons 
and it has outstanding heat-trans- 
fer properties. In addition, sodium’s 
high boiling point permits high 
thermal efficiency, while its melting 
point is low enough so that ordinary 
structural materials can be used. 
Other advantages of sodium: it is 
easy to pump, and is low in cost. 

The U.S.I. brochure, “Handling 
Metallic Sodium on a Plant Scale’, 
has further information on sodium. 
Write for it, and, if you have special 
questions, call us for technical 
service. 





SODIUM-COOLED REACTORS 


Experimental Breeder Reactor-1 
(EBR-1), NRTS, Arco, Idaho—fast 
breeder, sodium-potassium cooled 
—15,000 KW (e) (operational) 
Sodium Reactor Experiment (SRE) 
Santa Susana, Calif. — graphite- 
moderated—6,500 KW (e) (opera- 
tional) 

Experimental Breeder Reactor-2 
(EBR-2) NRTS, Arco, Idaho—fast 
breeder—20,000 KW (e) (under 
construction — slated for 1960 
operation) 

Consumers Public Power District, 
Hallam, Neb. —graphite-moderated 
—75,000 KW (e) (under construc- 
tion—slated for 1962 operation) 
Chugach Electrical Association, 
Anchorage, Alaska—heavy water- 
moderated — 10,000 KW (e) 
(evaluation stage) 





USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 
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How to remotely position 


... how to remotely operate high 
torque valves from 150 feet. Or, re- 
motely position radiation sources 
in hot cells within + Ye". Or, sim- 
plify remote operation, increase 
personal safety and speed han- 
dling of critical materials ... with 
cable that efficiently 
bend to meet any physical char- 
acteristics of reactor construction. 


systems 


TELEFLEX SYSTEMS offer unequaled design flexibility because they 
are the only systems to offer all three types of mechanical motion... 


radiation detecting elements in core to 4” at 50 feet. Or... 


You can do all of these and more with 
TELEFLEX systems featuring TELEFLEX 
cable with its exclusive helix design. No 
other system has opened such opportuni- 
ties for mew methods of remote control, 
positioning, manipulating or measuring in 
the nuclear field. TELEFLEX is the only 
cable that can be driven in tension and 
compression, continuously and for un- 
limited distances. It also offers high accura- 
cies; drives of slow or fast speeds; operation 


Riad 


straight line 


angular 


GC 


unumited rotary 








in extreme temperatures and high radiation 
areas . . . with no disruption of reactor per- 
formance or downtime. 

The technical advances stemming from 
TELEFLEX systems mean that TELEFLEX engi- 
neers have gone further and can offer more in 
the development of remote control systems or 
mechanisms for any purpose in the nuclear 
field. Send for catalog, or request field engi- 
neering help. TELEFLEX Incorporated, Nuclear 
Products, North Wales, Pennsylvania. 


TELEFLEX 
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Army 


Package Power Reactor 
Refuels with 

SYLCOR 

Elements 


Fuel box (without end 
27” x 2.844” x 

Over-all length 

Outside plates: 27.04 





























x 0.030” 
Inside plates: 2 

x 0.030” 
Space between plates: 0.1 
38 elements, 18 plates per 





$M-1 is a prototype of reactors designed for use in 
remote locations where it is difficult and costly to 
supply coal and oil. It is notable among low-power 
reactors because complete reliability in operation 
must prevail with minimum maintenance facilities. 
New fueling is planned for late 1959 and SYLCOR 
is under contract to ALCO Products, Inc., builder and 
operator of the pliant, to make the fuel elements... 
the first award to a commercial firm for the fueling 
of an Armed Forces ‘‘Package Power’ reactor. 


Unique technological and production skills permit 
SYLCOR to meet the contractor’s rigid specifications 
concerning water-gap spacings, surface characteris- 
tics, construction and assembly. 


The SYLCOR fue! elements will consist of 18 plates 
of UQ,-stainiess steel core clad in stainless steel, 


\ 


SYLVANIA— 


and are among the first to incorporate a dispersed 
burnable poison (Boron Carbide). 


Two recent SYLCOR developments warrant your 
study in designing or fueling nuclear power plants: 


1. Standard Fuel Elements: Data sheets and 
detailed drawings are available on. four 


types. 


2. The SYLCOR “Package Fuel" Plan: Send 
for complete information. 


Write also for ‘Nuclear Fuels: Key to Reactor Per- 
formance’”’ and ‘‘Physical and Engineering Properties 
of Materials for Nuclear Fuel Elements.”’ Syivania- 
Corning Nuclear Corporation, Bayside, Long Island, 
New York. 


CORNING 


NUCLEAR CORP. 





Measuring Large 
Radiation Doses 


Irradiation technology is developing fast. New designs for 
irradiators, irradiation reactors (the new word for them is 
chemonuclear’) and electron accelerators are on the draw- 
ing boards. Accelerator and radionuclide sources are already 
on line, sterilizing sutures and making membranes and wire 
insulation. Other large-volume radiation uses are balanced 
on the edge of economic margin, ready to fall into the market 
place when radiation is a little cheaper or required doses are a 
little smaller. 

Essential to this growth is the study of radiation dosimetry. 
The subject of dosimetry is an old one, but in the past it has 
been limited mainly to personnel monitoring for safety (O—100 
mr) and measurements for radiation therapy (100—50,000 r). 
As accelerator beams turn from living substances to engineering 
materials, dosimetry problems change. Doses are likely to be 
100,000 times the ones that interest biologists. Dose rates are 
similarly larger. Readout must be quick and simple to meet the 
demands of commercial competition. Automatic systems must 
replace tedious plotting and computing. 

Differences of requirement create a chasm between the solid 
foundation of biological dosimetry and the growing structure of 
materials dosimetry. 

This report has been planned and prepared as a survey of 
current work on measuring large radiation doses. We asked 
the experts which systems are most promising. We asked them 
for the characteristics of these systems (see table on pages 70 
and 71). We asked several of them to review the kinds of 
systems that appear to have the most promise. From their ref- 
erences we have gathered a large bibliography of important 
publications in large-dose dosimetry (pages 75 and 76). 

We have deferred neutron dosimetry to a later time. Some- 
times the purpose of neutron dosimeters is the same as those 
for fast electrons and photons. However, the methods are 
quite different. Thus the present report is limited to electron 
and photon dosimetry. 
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Most GLASSES undergo changes in 
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easily measurable properties as a result 
of irradiation. Optical-absorption and 
luminescence changes are most applica- 
ble to dosimetry. 

The advantages of glass as a dosime- 
ter material include ruggedness, shelf- 
life stability, stability of radiation-in- 
duced changes, reproducibility, low 
cost and capability of being manufac- 
tured in practically unlimited size and 
shape. The dose range covered by 
existing systems is from 1 rad to 5 
10° rads. These systems are nonabso- 
lute and require calibration against 
some primary standard, such as a car- 
bon calorimeter (//a58). 

The absorption change in silver-acti- 
vated phosphate glass (Da,56, Sc255) is 
very useful in the dose range from 10* 
rads to 3 X 10° rads. 
a linear relation is found between dose 


In this range, 


and change in absorption. Above this 
range, a saturation effect limits its use- 














PHOTOGRAPHIC FILM is the oldest radia- 
tion detector for determining total radi- 
ation dose. However, because of its 
sensitivity, ordinary photographic film 
has been confined mainly to the meas- 
urement of small doses, as in monitor- 
ing for personnel protection. For in- 
stance, an ordinary black-and-white 
film having an ASA exposure index of 
100-200 yields a silver density, after 
processing, of approximat 0.5 for 


a dose of only Ll r (C0055 Photo- 
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Glass Dosimetry 


By NORBERT J. KREIDL and GERALD E. BLAIR 


Bausch & Lomb Optical Company, Rochester, New York 


fulness. Also, the stability of the in- 
duced absorption band is poor at the 
higher dose range. This fading effect 
can be tabulated but is a problem 
with widely varying dose rates. 

A study of the mechanism of color- 
ation of glass showed that transition 
ions, of electronic structure similar to 
cerium, prevent the normal “brown- 
ing”’ in optical glasses (Ar45). How- 
ever, in preventing the visible bands 
from forming, new stable absorption 
bands were formed in the near-ultra- 
violet region of the spectrum. Glasses 
were developed based on these re- 
searches with properties desirable in a 
high-level dosimeter (Aré6a, Krd6b). 
In particular, a borosilicate glass 
(F-0621) was developed that shows 
linearity of response up to 10° rads with 
high sensitivity and good stability of 
the new absorption bands formed. Al- 
though the changes in absorption with 
dose is nonlinear above 10° rads, the 
useful range can be extended to at least 
5 X 10° rads. In studies done under 
contract to the Quartermaster Food & 
Container Institute (7'a,58), this sys- 
tem was found to have a precision of 
+2%, dose-rate independence up to at 
least 10° rads/sec and postirradiation 
stability of 1-2% (dependent on dose 


graphic high-level dosimetry (104-10 r) 
has been made possible by the photo- 
graphic print-out effect, i.e., the photo- 
lytic reduction of silver without devel- 
opment (Dy54, Ni57). The advan- 
tages of print-out dosimetry are sim- 
plicity, nondirectional response, no 
need for processing, instantaneous indi- 
cation of the integral dose received and 
extremely low costs. 

Photographic print-out emulsions do 
not require wet processing, 1.e., devel- 


and measuring wavelength). As a re- 
sult of this and additional work at the 
National Bureau of Standards (#a,58), 
the Quartermaster Corps is considering 
this glass as a secondary standard for 
its food-irradiation program. 

One of the first uses of a luminescent 
change in glass for dosimetry was the 
DT-60/PD personnel dosimeter of the 
U. S. Navy (Sc.53b). The sensitive 
element is a small square of silver-acti- 
vated phosphate glass. This glass de- 
velops an ultraviolet-excited orange 
fluorescence proportional to dose. A 
miniaturized application was developed 
for this glass (B1.59, Se53a). A small 
cvlinder of the glass (1 mm X 6 mm) 
measures dosage in the range 1—10,000 
rads. The fluorescent center formed 
with irradiation is very stable and is 
not altered by the ultraviolet excitation 
necessary for reading. 

Thermoluminescence has been re- 
ported in samples of fused silica exposed 
to high doses of gamma irradiation in a 
study of the synthesis of color centers 
(1e;59). The amount of thermolumi- 
hescence Was highest in undoped sam- 
ples and was partially quenched by the 
addition of small amounts of foreign 
cations. Thermoluminescence might 
be applicable to glass dosimetry. 


Photographic Methods 


By H, F. NITKA, Ansco Research Laboratories, Binghamton, New Y 


oping and fixing, as do standard photo- 
graphic negative and positive emulsions. 
A print-out emulsion contains excess 
silver ions, which deposit on the sites 
where silver ions were reduced to silver 
by light absorption. In a normal 
photographic emulsion, there are no 
excess silver ions. Silver is reduced 
and deposited by the catalytic reaction 
of the developer from the silver-halide 
crystal at the latent-image specks that 
are formed by light absorption. This 
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Orange filter 


SRP 
= Comparison wedge 
ye parison wedg 


Print-out paper 


FIG. 1. PHOTOGRAPHIC DOSIMETER us- 
ing print-out paper; print-out emulsion is 
partly covered by density-comparison 
wedge and enclosed in orange-dyed gela- 
tin or cellulose-triacetate light filter for pro- 
tection against actinic light. Comparison 
wedge is opcque gray scale printed on 
paper; dosimeter density is compared 
around wedge and through center hole 


reaction with the developer represents 
an enormous amplification factor 
(>10°), thus explaining the “faster 
speed”’ of normal emulsions as com- 
pared with print-out emulsions. 


High-Energy Response 


The sensitivity of any photographic 
emulsion is constant for energies higher 
than 0.6 Mev (Gr51). Below 0.6 Mev, 
the response of any photographic emul- 
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sion increases with decreasing radiation 
energy, and, therefore, a separate cali- 
bration for each energy is needed. 

Photographic emulsions used with 
standard processing techniques possess 
a rate-independent response to high- 
energy radiation. This appears to hold 
also for the print-out effect of commer- 
cial X-ray emulsions,* whereas special 
print-out emulsions exhibit a slight 
rate dependence (Ni.57) as discussed 
in the following section. 


Special Emulsions 


The response of a special, high-speed 
print-out emulsion (Dy54, Ni257) coated 
on paper or a transparent film base to 
a Co® source has been shown to cover a 
range of 50,000 to several million roent- 
gens. This range can be readily in- 
creased by a factor of 50-100 either by 
the use of ordinary commercial print- 
out emulsions instead of the special 
high-speed emulsion or by adding a 
3-in.-thick lead filter. The latter at- 
tenuates gamma radiation in the 1-3- 
Mev energy range by a factor of 50. 

The response of print-out dosimeters 
using such an emulsion depends some- 
what on the dose rate, at least over the 
range 10-10 r/min. Higher 
have not been checked so far, but no 


rates 
*W.L. McLaughlin, National Bureau of 


Standards, to be published. 
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10°10 
0 Gamma-Ray Exposure (r 


COMMERCIAL X-RAY FILM transmission densities for various exposure 


significant change is expected up to 
ates of 10° r/min as might be used in 
food preservation. 

The optical density of the print-out 
silver is determined either visually by 
comparison with an adjacent density 
step tablet calibrated in roentgens 
(accuracy +30%) or by means of 
densitometers (accuracy +5%). 

The design of a print-out dosimeter 
badge is shown in Fig. 1. Units of this 
type can be made into a perforated 
ribbon. 


Commercial X-Ray Film 


Ordinary commercial X-ray film can 
also be used for high-level dosimetry.* 
Photolytic print-out silver is formed on 
these films by gamma-ray exposures in 
the range 10*-10° r. 

Different emulsions exhibit slight dif- 
ferences in the color of the print-out 
silver. For this reason, the density is 
measured through narrow-band-pass 
filters corresponding in their transmis- 
sion to the spectral absorption maxi- 
mum of the photolytic silver. In Fig. 
2, the net transmission density is shown 
for various exposure rates and doses 
from a Co® source. 

By measuring the density on three 
superposed pieces of identically exposed 
films, the precision of reading for expo- 
sures below 10° r can be improved to 
+5%. It might be mentioned that the 
films become quite brittle for exposures 
extending beyond 5 X 107 r. 

No rate dependence for Co® expo- 
sure over the dose range 2 X 10-5 X 
10° r/hr is observed. The energy de- 
pendence is similar to that of the special 
print-out emulsion and that of chemi- 
cally developed emulsions; i.e., a sepa- 
rate calibration is required for radiation 
energies below 0.6 Mev. Inasmuch as 
the photographic print-out process is 
based on the ionic mobility of silver 
ions, the formation of photolytic silver 
depends on the temperature. There- 
fore, it is advisable to keep the tem- 
perature constant for greater accuracy, 
say within +10° C from the calibration 
temperature if an accuracy of better 
than +10% is desired. 

For dosimetric purposes, it is recom- 
mended to protect the film badges 
against moisture by water-tight 
envelopes. 

In most practical cases, the energy 
and rate of the applied radiation are 
known, and all that is required is a cali- 
bration of the under the 
chosen conditions. 


dosimeter 
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AMONG THE MOST promising systems for 
measuring large radiation doses is lumi- 
nescence degradation. 

Many organic luminophors show de- 
crease in luminescence with exposure to 
To use the ef- 


fect as a dosimeter one observes thi 


high-energy radiation. 


post-irradiation luminescence at a fre- 
quency in the visible or near-ultraviolet 
spectrum in response to a higher-energy 
excitation (Table 1] The system we 
have been developing uses wafers of 
anthracene and p-quaterphenyl and 
offers the 
dosimetry: 
® Adequate sensitivity over a range of 
5 X 10-5 X 10° rads 
® Ease, simplicity 


following advantage for 


and rapidity of 
measurement 
® Accuracy of +10% or better 
® Dose-rate independence 
® Good match, in atomic number, to 
plastics, oils and rubbers 
® Small size 

There are also some disadvantages, 
of which one is inherent and two are 
capable of improvement. These are 
® Nonlinear 


® Some instability in tims 


responst 


© Some inconvenience in packaging 
Another luminescence-degradation 
dosimeter 
(10-5-10-§ mole/liter) of quinine in 
water (Bad8). X-ray 
rads to 2 X 10‘ rads cause an exponen- 


uses small concentrations 


doses from 5 
tial decrease in ultraviolet-excited lumi- 
nescence. Dependence on dose and 
initial concentration can probably be 
explained in terms of radicals created 
The 
range of 


and for 


by radiation damage to water. 
system looks promising in the 
the ferrous-ferric 
lower doses. 
Scintillation 
plastic and liquid scintillators decrease 
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dosimeter 


efficiencies of crystal, 


Luminescence 


By FRANK H. ATTIX, U. 


and hold promise as dosimetry effects. 
One system that has been studied is 
diphenyloxazole (PPO) in xylene ex- 
cited by curium alpha particles (Be258). 
Plastic scintillators show a degradation 
that is independent of dose rate but 
dependent on the nature of the radia- 
tion—that is, on linear energy transfer 
(Ro357). Plastics studied include pure 
polystyrene, polystyrene with 1.5% 
1:1:4:4-tetraphenylbutadiene (TPB 
and polystyrene with 3% p-terpheny! 
and 0.02% TPB. 


Dosimeter Design 


The author has extended the develop- 
ment work of Schulman to produce a 
workable system for large-dose dosime- 
try (At59, Se257). 
of anthracene and p-quaterpheny! are 
excited at 3,650 A and read through a 
filter with a 
4,420 A. 
(Sc.57, Bi50b, Bid1) there is some re- 
covery of luminescence. Heat treat- 
ment (1 hr, 100° C) accelerates it and 
stabilizes readings for at least a month. 

The development work that led to 
this system used powdered anthracene 


Penny-sized wafers 


pass band centered at 


Contrary to previous reports 


and naphthalene. Powders were felt 
to offer lower cost and better reproduci- 
bility than single crystals. They were 
irradiated in vials and packed into de- 
pressions in Bakelite plaques for fluo- 
rescence measurements. Degradation 
was produced by Co® 
2-Mev electrons, 50-kvp X-rays and 
3,650-A ultraviolet. 


is observed for all (Table 1). 


gamma rays 


Similar behavior 


There was no dose-rate dependence. 


Irradiations in helium and vacuum 


yroduced the same degradation as irra- 
| 


diations in air. 


Dose on Conveyors 


For conveyor-belt operations lu- 
minescence-degradation would 
provide a simple system for dosim- 
etry. A solution of anthracene in 
an organic solvent such as chloro- 
form can be painted on each 
package. Its fluorescence under 
ultra-violet excitation as the pack- 
age leaves the irradiator will give 
an automatic reading of dose. 


S. Naval Research Laboratory, Washington, D. C. 


Future Development 
There are still improvements to be 
Here are 
further 


made in the present system. 
several areas that deserve 
investigation: 

Recovery. This may cause difficulty 
in very long exposures (~1 month) in 
spite of the post-irradiation heat treat- 
ment. 
prove to be better than anthracene or 
Purity 
could be a factor in the recovery 

Packaging. 


ment over the pressed-wafer method to 


Other materials may ultimately 
p-quaterpheny] in this respect. 
It may be an improve- 


support the luminescent material in a 
thin layer on a rigid backing such as 
polystyrene. work to- 
ward this kind of support has been done 
The technique should 
the case of 


p-quaterphenyl the raw-material cost 


Exploratory 


by Taimuty. 


be re-examined. In 


~$2/gm) could be greatly reduced if 
If this 
approach does not prove workable, the 


this technique were successful. 


pressed-wafer diameter can be reduced 
at least by half without loss of accu- 
racy. Thus the cost of a quaterpheny! 
wafer would be less than 20 cents. 
Adjustment of response. An effect 
analogous to the Bragg-( ay principle 
of cavity ionization chambers can prob- 
ably be used to make a dosimeter that 
responds in the same manner as irradi- 
Ultraviolet-excited 
fluorescence originates within about a 
This sug- 


ated samples. 


micron of the wafer surface. 
gests that response can be made de- 
pendent upon the flux of secondary par- 
ticles from any material placed against 
A thin layer of the lumi- 
nophor can be sandwiched between two 


the surface. 


thick layers of the material in which 
Hy- 


drogenous and nonhydrogenous mate- 


one is measuring absorbed dose. 


rials might be used together to indicate 


fast-neutron dose. Nonhydrogenous 


materials would produce a response 
mainly to gamma rays. 

Temperature dependence. The 
work reported to date has been carried 
out atroom temperature. Preliminary 
work by C. 8. Sharn at this laboratory 
shows that no difficulties are encoun- 


tered up to at least 50° C. 
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Degradation 


Degradation of plastic scintillators. 
The very high dose range covered by 
polystyrene-base plastic scintillators 
(Ro357) suggests that further investiga- 
Acitelli and his 
coworkers are currently engaged in such 
work at Bausch and Lomb. 


How Does It Work? 


’ 


tion is worthwhile. 


An “exciton” theory successfully 
explains luminescence degradation as 
the result of introduction of impurities 
by radiation damage (Bi50a, Bi50b, 
Bi51, Bo49). In a small anthracene 
irradiated and excited with 
alpha particles, there is no change in 
the number of scintillations, but the 
scintillation amplitude gradually de- 
No recovery was reported 
Optical ab- 
sorption accounts for only a small part 


crystal 


creases. 


over a two-week period. 


of the decrease. 

A simple equation describes the 
decrease in scintillation efficiency. 
The same equation has been found to 
apply to many other scintillators and 
luminophors and can be written in 
terms of either the number of particles 
per square centimeter or the absorbed 
It is 


dose. 


I/Iyp = 1/11 + NA) = 1/(1 + D/Ey) 


(1) 


(I = pulse amplitude or luminescence 
intensity; Jo = original value of /; 
V = number of incident alpha par- 
centimeter; A = 
(cm?/alpha 


ticles per square 


damage coefficient 
ticle ie 


required to reduce pulse amplitude or 


par- 
D = absorbed dose; Eig = dose 


luminescence to half of original) 

Table 1 shows the degradation char- 
acteristics of various scintillators and 
luminophors, including A and F4. 

In solid form and before heating, 
all organic luminophors except p- 
quaterphenyl appear to follow Eq. 1. 
Other systems show somewhat different 
For example, if organic 
luminophors are incorporated in poly- 
styrene, the intensity of their fluores- 
cence under electron-beam excitation 
follows this equation (Hi254): 


responses. 


| ak 
ey 
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TABLE 1—Degradation in Scintillators and Luminophors 


Degradation parameters 


A* 
(10-"! em* 
particle) 


Vaterial Reference 


Bi50a 
Bl,68 
Wrid3 
Ha257 
Sc257 
Atdi9 


Anthracene 


Bi,43 


Naphthalene 


Terpheny! 
Stilbene 


Pyrene 
Diphenyl acetylene 
p-Quaterpheny!] | 


+ 
+ 


Polystyrene 
Polystyrene + 3 
PT + .02% PTB 
Polystyrene 
PTB 
Polystyrene 

+ 15% PTB 


+ 1.5° 


* For significance of A and E14 see equation in text, 


degradation observed 


(erg /em*) 


(References are to bibliography, 


E\s* E14* Damaged Excited 


(rad) by by 


105 
108 
10° 
107 


Po?!? a's 


3650-A UV 


3650-A UV 
S35 B's 


x MK KKK KK 


S*5 6's or 
Po*!? a's 
Po Po®? a's 
Co 2537-A UV 


Po?!® a's Pot a's 


xxx x & 


3650-A UV 


Po?! a's 


3650-A UV 
2-Mev electrons 


Co® and 


CetsePrii CeittePrie 


B's 8's 


+t Before heating. { After heating. § No 


pp. 75, 76.) 





(J = fluorescence intensity; Jo = ini- 
tial fluorescence intensity; /’ = a mini- 
value of I’ prolonged 
irradiation; a = degradation constant; 
N = exposure in electrons/cm?) 
Values of @ range from 1.7 X 10 
em? electron for hydroquinone-dicar- 
boxyl-diethylester to 15.7  107!° em? 
electron for 1,4-dioxyanthraquinone, 
both in concentration of 1% in poly- 
styrene. 
dependent on concentration, increasing 
rapidly at low concentrations. 
Degradation of crystalline hydro- 
quinone-dicarboxy]-diethylester follows 
Eq. 1 rather than Eq. 2. Thus dis- 
solving the luminophor in polystyrene 
definitely changes its degradation. 
Luminescence damage in other plastic 
scintillators (Ro;57) follows no simple 
form. The initial parts of the curves 


mum after 


Values of q@ are strongly 


show an e~*’ dependence. 
Dose-rate dependence has been re- 
ported only once (Wr,53). 


Theory 

The exciton theory assumes that 
radiation damage introduces impurities 
(Boo49, Bi50a). In an 
crystal, excitation 


undamaged 

originally 
imparted by radiation is transferred 
by resonance from molecule to molecule 


energy 


until one molecule fluoresces instead of 
handing the exciton along. However, 
a travelling exciton can be caught by an 
impurity and degraded to heat or to a 
wavelength outside of the fluorescence 
band of the pure material. 

The observed degradation implies a 
long range for the excitons (/Ha257, 
Ro.59). Recent investigation con- 
cludes one must constant 
probability that excitation of any mole- 
cule in a crystal will result in quenching 
regardless of the distance of the excita- 
tion from a quenching molecule. 
Lower limit of exciton range is 1,000 A, 
corresponding to 3 X 10* jumps of 
energy from molecule to molecule. 


assume a 
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several 
Most changes 


PLASTICS EXHIBIT types of 
changes on irradiation. 
Some are 


the 
free-radical 


depend only on total dose. 
dose-rate dependent because of 
influence of dose rate on 
concentration. Some changes are of 
high-enough order to serve as measures 
of radiation dose. 
Radiation-induced 
their origin in the rupture of covalent 
Effects 
are small in simple organic compounds, 
but they are 
in polymers. 
link per mole makes a linear polymer 
with 


change s have 


bonds in organic molecules. 


much more pronounced 
For example, one cross- 
network 


into three-dimensional 


vastly changed physical properties 


(Ch358). 


Changes Available 


Among radiation-induced changes in 
plastics are those in appearance, chemi- 
cal state, physical state, and mechanical 
properties. Appearance changes with 
temporary and permanent color effects 
and bubbling. 
clude double-bond formation, dehydro- 


Chemical changes in- 


chlorination, crosslinking, oxidative 


degradation, polymerization, depoly- 
merization and gas evolution. 

Physical changes include effects on 
viscosity, solubility, conductivity, free- 
radical spectra, fluorescence and crys- 
tallinity. Changes in crystallinity are 
indicated by measurements of density, 
heat of fusion, X-ray diffraction and 
other properties. 

Mechanical properties that change 
are tensile strength, elastic modulus, 
flexibility, ete. 
linear 


hardness, elongation, 
When cross linking occurs in 
polymers it hinders uncoiling and slip- 
page. This leads to increased elastic 
modulus, decrease in plastic flow and 


decrease in elongation (Ry53b). 
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Plastics Dosimetry 


By CHARLES ARTANDI, Ethicon, 


While all of these types of changes 
have potential value for dosimetry, no 
one so far has developed a system de- 
pending only on physical or mechanical 
color 


Several use 


and other kinds of chemical 


changes. systems 
changes 


changes. 


Color Changes 

Ionizing radiation causes coloration 
The underlying 
chemical and physical changes are little 
but 
According to some the color 


in many plastics. 


known, several theories are ad- 
vanced. 
is due to electron or free-radical trap- 
ping similar to that of ionic crystals. 
The fact that the coloration is 


appears to 


irre- 


versible in most cases 
contradict this. 
When 


exposed to 


(PVC) is 
the 
primary process is probably dehydro- 


polyvinylchloride 
ionizing radiation, 
chlorination with the formation of a 
double The 


the double bond becomes allylic, very 


bond. chlorine next to 
mobile, and easily removed. 

It is conceivable that successive de- 
hydrochlorinations are spontaneous 
and no new irradiation is required. 
This would explain the intensification 
of color by heat (Che56b). The end 
result is formation of a conjugated- 
double-bond system. 
count for the reddish color. 

The those 
obtained by base-accelerated degrada- 
tion of PVC (Ca,55), or thermal de- 
composition in vacuum (Sf258). 


This would ac- 


processes are similar to 


Aging 
or irradiation by ultraviolet light also 
that the 
radiochemical, photochemical and ther- 
mal effects the 
initiated by radiation. 

Oxygen plays an important role in 


produces color, indicating 


are same as those 


the degradation process by using up 
free radicals or attacking double bonds 
and causing cleavage of the main chain. 
In vacuum and inside the solid, cross- 
linking is predominant. Free radicals 


combine with double bonds forming 
new radicals that can chain-react and 
regenerate the original radicals. If 
the chain length is short, this reaction 
is more probable. It is conceivable 
that the concentrations of free radicals 


and double bonds have to be built up 


Inc., Somerville, N. J. 


sufficiently before crosslinking can 


occur. In fact crosslinking is observed 
only at high doses. 

PVC turns green first, then yellow, 
amber, reddish-brown depending on 
the dose. The color reaches a maxi- 
mum in 3-4 days at room temperature. 
There are several absorption maxima, 
the one at 3,960 A being most sensitive. 
Exposure to elevated temperature ac- 
celerates the development of color up 
At 80-85° C the maximum 
intensity can be obtained in 5-10 min. 
At 3° C 
Above 85 
posure becomes less and less intense for 
This phe- 
by the 
elimination of some of the chromofor 


to a point. 
several hours are required. 
C the color for the same ex- 
increasing temperatures. 


nomenon may be explained 


(polvenic) groupings through cToss- 
linking or some other chemical reac- 
tion. It that PVC 
irradiated at room temperature exhibits 
additional crosslinking when kept at 
90—-100° C (Ch358). 

PVC by 


proportional to absorbed dose. 


has been show n 


radiation is 
There- 
fore the system can be used for dosime- 
try in the range of 105-107 rads (Ar258). 


Coloration of 


The presence ol aromatic plasticizer 
influences the coloration through ab- 
sorbing most of the energy in vibra- 
The of stabilizers, 
pigments or dyes will also change the 
Rigid PVC of stand- 
ard quality gives reliable and repro- 


tions. presence 


color response. 


ducible results. 

In polymethyl methacrylate (Lucite, 
Plexiglas) radiation causes changes in 
both color and ultraviolet absorption. 
We neither effect usable 
for 
appear: (a) yellow, which persists even 
after prolonged heating at 80° C and 
-particularly 


have found 


dosimetry. Two visible colors 


b) reddish, which fades 
at 80° C. 

The increase in ultraviolet absorp- 
tion is probably caused by formation 
of double bonds (Ch56a). We have 
attempted to use this effect for dosime- 
try, but in the range 1-6 X 10° rads 
nonlinearity limits its usefulness. 

Polyethylene terephthalate 
increased absorption at 3,250 A as the 
result of irradiation. The color rapidly 
fades in the first 24 hr. With very 
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shows 





thin films the range can be extended up 
to 2 X 10° rads (Bo,58). 


Chemical Changes 


There is no general theory that 
predicts or even explains the behavior 
of all under irradiation. 
Polymers are characterized as degrad- 
Those with alpha 


polymers 


ing or crosslinking. 
hydrogens favor crosslinking while the 
ones with alpha methyl groups favor 
Unfortunately there are ex- 
ceptions in both classes. 

It is thought that the stability of 
radicals formed is an important factor 
(Wad4). Steric may 
important Polymers 


cleavage. 


hindrance also 


play an role. 
with internal rearrangement leading 
to main-chain rupture degrade, but if 
there is no ready configuration by 
which the radical or activated molecule 
can rearrange, it will crosslink (Al54). 
Polymerization. Acetylene irradi- 
ated by ionizing radiation polymerizes 
to cuprene and benzene at a rate 
dependent only on the rate of ab- 
sorption of energy. Cuprene is the 
predominant product [G(acetylene) = 
—71.9, G(benzene) = 5.1]. These rates 
are independent of acetylene pressure 
and radiation intensity. 
dosimetry in irradiation of 
the change in 
acetylene pressure is measured and 


For 
vapors and gases, 
corrected for benzene (D055, Laz5?). 

A visual-indicating dosimeter is 
based on polymerization of acryloni- 
Polyacrylonitrile is insoluble in 
its monomer. Turbidity 
doses that depend on dose rate (Be;53). 

Aqueous solution of acrylonitrile can 
The solu- 
tion is deaerated and sealed into a dila- 
read by a 


trile. 
occurs at 
also be used for dosimetry. 


tometer. Contraction is 














IN RADIATION STERILIZATION the most 
direct method of dosimetry is microbial 
monitoring. A harmless microorgan- 
ism is irradiated with the product. 
After irradiation the number of survi- 
vors capable of reproduction serves as 
a measure of dose. If one selects a 
microbial monitor that has the same 
radiation resistance as the organisms 
that are to be killed in sterilization, 
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microscope, and it relates to the weight 
of polymer formed (Co0,52). 
Acrylonitrile, vinylacetate, methyl- 
methacrylate or 
sealed in a dilatometer can serve as do- 
simeters. The sensitivity varies with 
the monomer (rate of polymerization) 
and with the diameter of the capillary. 
Precision depends on the purity of the 
particular monomer used (Pr,50). 
Degradations. A dosimeter that 
uses degradation has polystyrene in 
tetrachloride 
in a flow-type viscometer. 


styrene monomers 


solution sealed 
On irradi- 
ation the number of bonds cleaved in a 
is independent of 
of the 
polymer concentration 
but increases linearly with dose. The 
log-log plot of a flow time function 
against a dose function is a straight 


carbon 


polymer solution 
both the 
polymer and 


molecular weight 


line over a wide range (Fed58). 

The very high free-radical yield of 
carbon tetrachloride is instrumental in 
the breakdown of polystyrene. The 
numbers of free radicals produced per 
100 ev are: styrene, 1.6; carbon tetra- 
chloride, 70. 

Dosimetry is also possible by irradia- 
tion of polymethyl methacrylate in 
solid state. 
age approximately one ester side chain 
Viscosity change is 
The plot of the 
reciprocal of viscosity molecular weight 


For each main-chain cleav- 


is decomposed. 


the measure of dose. 


versus dose gives a straight line, and 
the relationship is maintained over a 
hundredfold change in molecular weight 
(Al54).* 

Gas evolution. 
result in evolution. 


Various processes 


gas The most 


*R. Dowd et al, unpublished work, 


Ethicon Research Division, 


total killing of the monitor indicates 
sterilization of the product. As indica- 
tors of various sterilization processes, 
microbial monitors are superior to 
chemical, physical or electrical ones. 
There is a linear relationship between 
density of microorganisms and radia- 
tion dose required to sterilize (Ch,59). 
Thus the number of spores used for 
monitoring must be chosen with judi- 


commonly evolved 


which 
or double-bond formation and cross- 
linking. Methane, ethane and other 
homologs occur as reaction products of 


gas is hydrogen, 


is associated with free-radical 


various radicals with hydrogen atoms. 
CO and CO, accompany hydrogen in 
the decomposition of side chains of 
irradiated polymethyl methacrylate. 

Halogenated polymers exhibit de- 
hydrochlorination with simultaneous 
double-bond formation or evolution of 
halogens or halogenated hydrocarbons 
(combination of a free radical with 
halogen atom). Halogenated plastics 
are more applicable for the purpose of 
dosimetry because acids and halogens 
are easier to measure quantitatively 
than gases. 

Although the gas formation is in- 
stantaneous, the evolution from solid 
plastics is slow because of the rigid 
structure and the slow diffusion. 

Two difficulties are encountered: (a) 
slow diffusion, making measurements 
lengthy and (b) dependence of rate of 
evolution on sample size and shape. 

Polytetrafluoroethylene irradiated 
under NaOH solution shows evolution 
of fluorine. Log of dose plotted against 
log of fluorine liberated per gram of 
plastic gives a straight line (Ry53a). 
According to some there is no definite 
that fluorine is liberated 
(Ch3;52). The carbon-to-carbon bonds 
fracture preferentially their 
bonding energy is lower than that of 
carbon to fluorine. 

An elegant method dehy- 
drochlorination of polyvinylchloride 
(He.51). It incorporates an acid-base 
indicator dye in the plastic film and 


evidence 


because 


uses 


measures the color change after irradi- 
ation with a spectrophotometer. 


Microbial Monitors 


By VELMA L. CHANDLER, Ethicon, Inc., Somerville, N. J. 


A guide is to use a con- 
tamination level slightly greater than 
what might be normally anticipated in 
the natural product. 


cious care. 


Techniques 

In one microbial-monitoring system 
a dry organism is put on plastic film to 
which it adheres (Ma59). After irradi- 
ation the organism is cultured on agar- 
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TABLE 1—Resistances of Bacterial Spores* 


Highest dose showing 
all positive cultures 


Spore system T 


k-3 Clostridium tetani 
E-601 Bacillus species 
E-594C Bacillus species 

E-58 Clostridium sporogenes 
o-2 Bacillus subtilis 

K-44 
E-599 


Clostridium sporogenes 
Bacillus species 

E-606 Bacillus species 

E-627 Bacillus species 
E-533A Bacillus coagulans 
E-626 Bacillus species 


Lowe st dose showing 
all negalive cultures 


(108 rads) (10® rads) 


— Ww 


CG = = © 


yw 


oO - =I 


* Original table reported in megareps (Pe.56). 


t To each disk was applied 0.1 ml of a suspension 


-ontaining 5 X 10° organisms per ml 





If no colonies appear, the 
Alterna- 
tively one can place a representative 


gel plaques. 
result indicates sterilization. 


sample on a microscope slide and count 
the number of viable survivors. 

The author and her colleagues use a 
spore suspension in water (Pe,56). A 
drop is placed on a 1-cm-diameter disk 
of filter paper. This is either dried be- 
fore irradiation or sealed in a polyethyl- 
ene envelope and irradiated wet. 

A new tool developed in our labora- 
tories provides a standard technique 
for conducting electron-beam dosime- 
try studies with any type of microorgan- 
ism (Ch,59). It is an aluminum step 
wedge under which an array of impreg- 
nated disks is irradiated. It 
signed to produce a dose range to the 
disks of 0.2—2.5 million rads in one expo- 


IS de- 


sure. Using a two-dimensional array 
of disks permits us to vary both dose 


and original concentration 


Survival Curves 


Unfortunately, existing microbiologic 
literature on radiation studies usually 


stresses the types of survival curves ob- 
tained after irradiation of microorgan- 
isms. Thus emphasis is on mean lethal 
(inactivation dose or 37% dose) 


How- 


ever, legal requirements for sterile prod- 


dose 


first proposed by Lea (Le,54). 


ucts produced and sold in this country 
demand that 
provided by the current edition of the 


microbiologic tests (as 


Pharmacopeia of the United States) 
show the complete absence of viable 
microorganisms. Thus pharmaceuti- 
cal suppliers are interested in absolute 


lethal doses. 


Radiation Resistance 


It has long been known that among 
the bacteria and fungi, bacterial spores 
are the most resistant to actions of tem- 
perature and chemicals. It is not sur- 
prising that they also are the most re- 
radiation (Be,54, Brdé 
There are marked dif- 


sistant to 
K0256, Pe 06). 
ferences in radiation resistance among 
the various species of sporeforming bac- 
teria, the Bacillus and Clostridia genera 
(Be,55, Pe,56). Table 1 depicts the 





TABLE 2—-Spore Survivors on Paper Disks* 


Unit-density 


Layers of diskst thickness (in 


0.704 
0.750 
0.797 


Sterility tests 
Pos. Neg 


Dose ranget 


(108 rads) 


1.7-2.0 
1.0-1.5 
0.6-1.0 


* Disks were impregnated with a water suspension of Clostridium tetani spores having 


107 viable spores per ml. 
chloride. 


Tt Polyethylene and cardboard. 


t Measured with polyviny! 
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range of electron-beam doses required 
to destroy a variety of bacterial spores. 
It is generally agreed that 1.7-1.8 X 10° 
rads will destroy the growth and repro- 
duction abilities of bacterial spores in 
concentrations of 10*-104 per ml pro- 
vided they are not protected by extra- 
neous dense substances. It has been 
found that species of bacterial spores 
highly resistant to heat or chemicals 
are not necessarily the most resistant 
to radiation. 

Recent techniques developed in our 
laboratories by W. Koh and J. Olivo 
confirm the data of Table 1. They use 
5-Mev electrons to irradiate filter-paper 
disks that are impregnated, sealed in 
polyethylene bags and sandwiched be- 
tween layers of cardboard to get a range 
of doses. <A similar study has deter- 
mined the depth of polyethylene bags 
through which sterility can be effected. 
B. thermoalimentophilus served as the 
monitor (Ma59). 

Dosimetry studies conducted over 
four years with different spore suspen- 
the 
Bacillus pumilus and Clostridium tetani 


sions of same parent strains of 
have shown that their sensitivities to 
electrons from a Van de Graafi acceler- 
ator and a microwave linear accelerator 


have not changed. 


Which Species? 


Bacterial spores for monitoring phar- 
maceuticals and foods must have large 
In addition the 
normal, natural microflora associated 


radiation resistance. 


with a given product should be studied 
and those types that appear to show 
should be more 


radiation resistance 


thoroughly investigated. It is always 
possible that some product may natu- 
rally contain types of organisms more 
resistant to radiation than any species 
Once the mini- 
mum dose for absolute sterility is estab- 
lished, the ethical manufacturer pro- 


previously reported. 


vides a greater dose for process 
sterilization of a product. 

In our pilot studies we have employed 
as monitors intentionally contaminated 
products identical in all other respects 
with the marketable item, rigid viny] 
dose indicators (Ar.58) and integrating 


electrical monitoring devices. 


NOTE ON BIBLIOGRAPHY 


All references in this special report are 
to the bibliography on pages 75 and 76. 
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DOSIMETRY 
functions: (1) 


STANDARDS FOR measure- 


ments two eali- 
bration of specific dosimeters and (2) 
measurement of radiation field inten- 
sity in specific experimental situations. 


serve 


Large-dose dosimetry standards have 
not yet been adopted by any of the 
standards although the 
ferrous-ferric method is nearing official 
the American Society 
Never- 


associations 


recognition by 
for Testing Materials (Am49). 
theless there are several methods (in- 
cluding the ferrous-ferric) that are well 
enough developed to deserve serious 
consideration for adoption as standards. 

Examples of the dosimeter-calibra- 
tion function are primary calibrations 
of dosimeters Fricke 
ferrous sulfate dosimeter and recalibra- 


such as the 


tions of dosimeters that are not repro- 
ducible from batch to batch (such as 
plastic films, glass). Examples of the 
intensity-standardization function are 
measurement of the output of electron- 
beam accelerators. 

Standardization methods should be 
accurate and reproducible, and they 
should involve as few qualifying as- 
sumptions as possible. It is not neces- 
that 
standardization 
ally need not be performed often. 


they be convenient since 


measurements 


sary 


gener- 


Only two methods will be discussed 
here: calorimetry, which can serve in 
place of a primary standard, and the 
Fricke ferrous-ferric dosimeter, which 
an serve in place of a secondary 
standard. Other methods, applicable 
primarily to certain types of particle 
accelerators, have been discussed by 
Schuler (Sc,58). 


Calorimetry 


Calorimetry is applicable to both 
absolute calibration of dosimeters and 
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measurements of source in- 
tensity. With it energy absorption in 
most liquids and some solids can be 
measured directly in terms of funda- 
Measurement 


absolute 


energy units. 

depends on the energy- 
With the high rates 
modern electron ac- 


mental 
accuracy 
absorption rate. 
characteristic of 
celerators (>107 ergs/sec), accuracies 
of 1-2% are obtainable with moder- 
ately simple apparatus and techniques. 
Comparable accuracies are obtainable 
in measurements of photon absorption 
at energy-input rates of ~10° ergs, sec 
rates of ~3 X 10° rads/hr in 
However, because of the low 


(dose 
water). 
absorption rate, considerably more 
care is required. 

Principles. 


rimeters for heat 


Design and use of calo- 
measurements have 
(Wh,28, 
The same principles apply to 


been adequately discussed 
Wee4d). 
high-energy radiation-absorption meas- 
brief, the 
sorbed by the calorimeter is determined 
by measurement of the temperature 


urements. In energy ab- 


rise of the calorimetric fluid or solid. 
Temperature rise is related to energy 
absorption through a separate (usually 
electrical) calibration using a known 
energy input to the calorimeter. 

First of all, precautions are necessary 
to ensure that the temperature through- 
out the substance is as 
uniform as possible, particularly if the 


calorimetric 


distribution of energy absorption is 
Thus must be 


s( hic ls 


nonuniform. liquids 


must have high 


Secondly, it 


stirred, and 


thermal conductivity. 


is necessary to ensure that heat ex- 
change with the calorimeter surround- 
ings is either negligible or known. 
Finally, it is frequently necessary to 
apply corrections for absorbed energy 


that is not converted to heat. 


Total-Dose 
Standards 


By SAMUEL I. TAIMUTY 


Stanford Research Institute, Menlo Park, California 


Adiabatic calorimeters. Twotypes 


of calorimeter are most commonly 


used: adiabatic and compensated. 
Adiabatic 
quate sensitivity when small energy- 
absorption rates are measured. Adia- 
batic calorimetry that heat 
transfer to or from the calorimeter be 
heat transfer 
evacuating a 


calorimeters provide ade- 


requires 
negligible. Convective 
is reduced by chamber 
surrounding the calorimeter or by sur- 
rounding the calorimeter with foamed 
plastic insulation if sufficient space is 
available. These methods also reduce 


conduction loss. Conduction loss Is 


reduced by mounting the 


thermally 


further 
calorimeter on insulating 
supports and by using thin wire for 
electrical connections to external appa- 
ratus. Finally, the radiation loss is 
reduced by maintaining the tempera- 
ture of the surroundings equal to that 
of the calorimeter with a heated jacket. 
In some calorimeters radiation loss can 
be reduced by providing the calorimeter 
with a low-emissivity (highly polished) 
surface and surrounding the calorimeter 
with a similar low-emissivity radiation 
shield. Not all of thes 
necessary simultaneously. 
Adiabatic been 
calibration of the Fricke 
with Co 
One group's 


measures are 
calorimeters have 
used in 
ferrous sulfate dosimeter 
radiation (110,53, La354). 
calorimeter consists of 
filled with containing a 
thermocouple (La;54). The 
eter surroundings are evacuated and a 


a Pyrex bulb 
water and 


cal yrim- 


heated jacket is provided to maintain 


zero temperature difference between 
the calorimeter and its surroundings. 
A precision of +2% is obtained at a 
dose rate of 2.5 & 10 


Another adiabatic calorimeter meas- 


rads/hr. 


polvethy lene 
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ures absorbed dose in 





loaded with free carbon to increas¢ 
thermal conductivity (Mi.58). A pre- 
cision of +1% is quoted for Co’ 
measurements at 9,000 rads, hr. 

An adiabatii that has 


been proposed as a primary standard 


calorimete! 


dose measurements 1s 


for absorbed 
under development at the [ Ss 
National Bureau of Standards (14,58 
In its preliminary form, the calorimetet 
consists of a graphite sphere suspended 
on polystyrene pegs inside a graphite 
shell. is heated to 
provide an adiabatic shield. An accu- 
racy of better than 1% was obtained 
in a Co® source at 4.75 10° rads/hr. 
Compensated calorimeters. When 
the sensitivity of an adiabatic calorim- 


] 


The graphite shell 


eter is not needed (as with high-inten- 


sity electron beams), compensated-loss 


calorimeters provide adequate accu- 
racy and considerable simplification. 
elaborat 


heat 


In such calorimeters 


nre 
pre 


cautions to eliminate exchangt 


with the environment are unnecessary 
Heat exchange is reduced by surround- 
Styrofoam 


the 


ing the calorimeter with 


insulation and _ limiting energy 


input to the calorimeter so that its tem- 
perature does not rise too far above the 
correc- 


surrounding temperature. A 














there is 
frequent need for continuous or 


IN USING RADIATION sources, 
perl- 
dose rate or 


odic measurement of 


source intensity. Examples are the 
measurement of photon intensity or 
electron-beam current for monitoring 
purposes. In 


are 


general, rate measure- 


ments more conveniently mad 
with continuously 
as distinguished from integrating de- 


vices in which one records a quantity 


indicating devices 


delivered in a measured time interval 
However, the latter technique is some- 
times used. Methods are available for 
measurement of electron current, and 


photon radiation intensity or dose rate. 


Faraday Chambers 


A Faraday chamber measures elec- 
tron current by measuring the total 
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tion for the remaining heat exchange is 
derived from the pre- and post irradi- 
ation temperature-drift curves. 

Both liquid and solid compensated- 
The 


author has described a liquid calorim- 


loss calorimeters have been used. 


eter for calibration of aqueous dosime- 


ters and solid calorimeters for meas- 


urement of electron-beam intensity 
Ta,57a, Ta,57b). Solid 


can also be used for energ\ -absorption 


calorimeters 


measurements in nonconducting solids 


by making measurements with and 
without the 
electron beam in front of the calorim- 


Ta,57b). 


solid interposed in an 


ete! 
Ferrous Sulfate Dosimeter 
The 


most 


Fricke dosimeter (Fr29) is the 


widely used and most reliable 


dosimeter that has been developed to 
date. 
that it has been tacitly accepted as a 


In fact its performance is such 


secondary-standard dosimeter (Am459). 
Use of the 
cussed by 


dosimeter has been dis- 


We,58). <A 


cision of 1-2% is readily obtainable. 


others pre- 

The dosimeter solution is prepared 
by dissolving 2 gm of FeSO,, 0.3 gm 
of NaCl (to inhibit impurity effects 
and 110 ml of concentrated H.SO, in 


charge collected in a given time in a 
chamber that totally absorbs the elec- 
It provides an absolute 


tron beam. 


measurement of current if properly 


designed. Because it is preferably 
integrating rather 
best 
used for periodic current calibrations. 
An additional that 


even when it is operated as a 


for precision) an 
than a continuous device, it is 
disadvantage is 
con- 
use for current 


tinuous device, its 


monitoring is possible only under 


limited circumstances. 
chambers can be used 
the 


range of electron energies 


Faraday 


throughout currently available 
from a few 
to hundreds of millions of electron 
volts. Brown and Tautfest have de- 
scribed the design, construction and 
use of chambers up to 300 Mev (Br256). 


In its simplest form a Faraday chamber 


Ve nlo Par h 


enough distilled water to make 5 liters 
The 
measured spectrophotometrically at 
3,050 A. 
measurements 


of solution. ferric-ion yield is 
The mean of reliable yield 
Ho,53, La3d4, Se,56 
15.6. The yield is in- 
dependent of dose rates at least up to 


gives G(Fe**) = 


10 rads/see (peak rate with pulsed 
(Ke57). the do- 
simeter is unreliable at rates 
2 X 10! 


impracticably 


electrons) However, 
average 
because 


exceeding rads sec 


high stirring rates are 
required to replenish oxygen depleted 
(Sc,d6). The 
useful range of the dosimeter is 4,000- 
10,000 rads. Although the range can 
be extended to 200,000 rads by 


rating the solution with oxygen, this 


in the reaction zone 


satu- 


procedure is not recommended. 
The useful for 
routine dosimetry and as a secondary 


dosimeter is most 
standard in photon measurements at 
10° rads/hr. Higher 
mechanisms to 


rates up to 1.5 
rates require special 
reduce the timing error (for exposures 
of 4 X 10‘ rads) to an acceptable value. 
The dosimeter can be used at higher 
rates with electrons if the ratio of the 
irradiated to the total volume is suffi- 
ciently small and if adequate stirring 
can be provided. 


Rate Measurements 


By SAMUEL I. TAIMUTY, Stanford Research Institute, 


California 


Is a narrow-apertured chamber ol con- 
ducting material with a stopping wall 
the thick 
enough to absorb the electrons. The 
collected charge either is accumulated 


perpendicular to beam 


in & precision capacitor for a given 
time, after which the capacitor poten- 
tial is measured, or is bled to ground 
through a known resistance, the poten- 
tial drop across which is measured 
continuously. One must avoid errors 
due to leakage, loss of backscattered 
from sur- 


electrons, ion collection 


rounding air and, at higher energies, 
loss of charge through shower penetra- 
tion. “Shower penetration” refers to 
the 


chamber by energetic bremsstrahlung 


loss of electrons released from 
photons. 
Leakage loss can be minimized by 


properly insulating the chamber and 
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FIG. 1. 


minimizing the potential difference be- 
tween the chamberand ground. Three 
steps reduce the loss of backscattered 
electrons: (1) A reentrant aperture 
design reduces the escape solid angle. 
2) The surface with which the beam 
first collides is made of low-Z material 
generally graphite) to minimize the 


cross section for backscatter. (3) A 
permanent magnet can be installed 


at the aperture to prevent the escape 
of low-energy secondaries. 

Collection of ions from the surround- 
ing air can be eliminated by enclosing 
the chamber in a vacuum. High- 
vacuum techniques may be required 
for precise work. charge 
through shower penetration can be 


Loss. of 


made negligible by increasing the size 
of the chamber (Br256). 

A chamber design that makes use of 
these principles is shown in Fig. 1. 


Secondary-Emission Chambers 


A secondary-emission chamber meas- 
ures electron current by the secondary 
electrons emitted from a foil on pas- 
sage of an electron beam through the 
foil (Ta,59a, Ta;55). In the most 
recent design (Fig. 2) a single aluminum 
foil is placed inside a vacuum chamber 
between entrance and exit windows 
which the electron 
passes (7'a,59a). The emitter foil is 
0.0003 in. thick and window foils are 
0.006 in. thick so that electron absorp- 
tion in the three foils is negligible at 
the energies of interest. Thus, the 
be used as a continuous 


through beam 


device can 
transmission monitor. 

The foil is insulated from the cham- 
ber and maintained at a negative 
potential with respect to it. The 
secondary-emission current is measured 
in a series circuit containing the emitter 
foil, the chamber and the polarizing 
potential. Complete current collec- 
tion is obtained at polarizing potentials 
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FARADAY CHAMBER for high-energy electrons uses 
graphite and lead to absorb electrons and photons 








less than 100 volts. The current from 
both surfaces of a single aluminum 
emitter foil is about 5% of the primary 
(transmitted) current (7'a,59a, Mi,55). 
However, the ratio depends on foil 
composition and can depend on the 
condition of foil surfaces. Hence 
secondary emission chambers should 
be calibrated against a good Faraday 
chamber at the energies to be monitored. 

Such chambers have performed relia- 
bly at pulsed (linear accelerator) cur- 
rent densities of 150 ma/cm? and 
average currents as high as 120 wa 
(270 uwa/em?). At higher average cur- 
rent densities, it is advisable that the 
windows be cooled. 


lonization Chambers 


Ionization chambers have a long his- 
tory of use in X- and gamma-radiation 
measurements. Only recently, how- 
ever, have designs suitable for use at 
large dose rates appeared. Theory, 
design and use of ionization chambers 
have been discussed (Sp56, Bo,56). 
Cavity chambers designed in accord- 
ance with the Bragg-Gray principle 
provide the most easily interpretable 
measurements. Accurate and precise 
absorbed-dose-rate measurements can 
be made with such chambers at dose 
rates up to 10’ rads/hr in the wall 
material. Measurements can be made 
at slightly higher rates if suitable cor- 
reduced ion-collection 
efficiency are applied. At higher dose 
rates, low-pressure or vacuum chambers 
based ow secondary electron emission 
can also be used (Bo,46). However, 
such chambers must be calibrated. 

Two chamber designs suitable for 
use at large dose rates have appeared 
recently. One is a spherical graph- 
ite chamber suitable for use with 
Co® gamma radiation (Wy57, Ha,58). 
With a collecting potential of 1,000 
volts, the currents collected are within 


rections for 











FIG. 2. SECONDARY-EMISSION CHAMBER monitors electron 


beam by observing current of secondaries leaving central foil 





a few per cent of saturation currents at 
a dose rate of 10° rads/hr. 

A similar spherical graphite chamber 
for use at higher rates has smaller 
electrode spacing (7a,59a). As a 
result this chamber provides essentially 
saturation current collection with a 
chamber potential of 600 volts at a dose 
rate of 10’ rads/hr. This chamber 
was also designed for prolonged con- 
tinuous exposures to intense radiation 
fields without deleterious effects from 
radiation damage. The chamber and 
3 ft of the connecting cable are con- 
structed entirely of inorganic materials 
(graphite, ceramic insulation and 
metal). Because the electrical resist- 
ance of ceramic insulators is not as high 
as that of good organic insulation, it 
was necessary to provide a guard 
electrode to bypass leakage. 

Parallel-plate ionization chambers 
can be used for transmission measure- 
ments of continuous and pulsed elec- 
tron beams at rates up to 10’ rads/hr. 
However, of this 
limitation, secondary-emission cham- 
bers usually prove more suitable for 


because dose-rate 


electron measurements. 


Semiconductor Devices 


Direct-read-out semiconductor de- 
vices have recently been developed for 
both gamma and neutron measure- 
ments. A CdS photovoltaic cell is 
useful for X- and gamma-ray measure- 
ments (H0256). The use of a com- 
mercially available silicon solar cell 
for gamma-radiation measurements has 
also been reported (M058). The cell, 
consisting of an np junction formed by 
diffusion of into 0.1-ohm-cm 
n-type silicon, is capable of measure- 
ments at dose rates of 400-10* r/hr. 
Radiation damage limits the useful life 
to a total exposure of the order of 
10° r, but the cell can be healed by 
annealing. 


boron 
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CHOOSING THE RIGHT dosimetry system 
for a particular situation requires a 
critical evaluation of available data. 
There is no substitute for complet 
familiarity with the characteristics of 
the dosimeter selected. Lack of fa- 
miliarity can obliterate all the potential] 
advantages of one system over another. 

The table that follows is compiled 
from questionnaires sent to different 
We cannot expect them all 
the same their 
Thus I have undertaken a 


critical comparison. 


experts. 
to use eritenia ior 


answerts. 


Accuracy 


It is easy to be too optimistic with 


respect to accuracy. One should per- 


haps consider the percentages given 


as reproducibility rather than accuracy. 


For example, all photon dosimeters 


except calorimeters require calibration 


directly or indirectly against standard 


sources, and +2% standard sources 


large dose rates, aré 


particularly at 
essentially nonexistent 


Furthermore, many reproducibility 


values are undoubtedly obtained in 


exceedingly well controlled experi- 


ments. Questions 
nearly these values can be 


arise as to how 
achieved 
for more routine dosimetry. 
Reproducibility. On 
that 
ceric-sulfate, 


must bear in 


mind systems such as ferrous- 
sulfate, 
and halogenated-hydrocarbon-dye do- 


influenced by 


polymerization 


simeters are strongly 


amounts of certain impurities 
and light In 
contrast, glass dosimeters appear to 
offer a better possibility for routin« 
use without extreme care. 


Of the other integrating svstem 


small 


exposure to ordinary 


ADDRESS 
Calif 


* PRESENT 
tional, Canoga Park 
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A Comparison 


By PAUL SCHALL, Jr.* 


Memorial Institute, 


Battelle 


radation of luminescent materials 
and darkening of plastics offer con- 
siderable promise with regard to good 
reproducibility with a minimum of 
The 
tem appears to offer relative simplicity 
but to my 


precautions. nitrous-oxide sys- 
and good reproducibility 
knowledge it has not been developed 
to the point where recommendation 
can be made for its routine use. 

Of the instrumental systems, calo- 
rimeters probably require greatest 
care to achieve good accuracy and 
reproducibility. Others are subject to 
radiation-induced 
and more common types of electrical 


electrical problems 


‘“‘gremlins.”” By and large, howeve1 
they can be expected to give good per- 
formance provided reasonable precau- 
tions are taken. Of these three sys- 
tems the ion chambers have been used 
most extensively. They can be judged 
most reliable at this time. 

Microbial systems yield the poorest 
reproducibility and their use appears 
to be limited to specialized applications. 


Dose and Dose Rate 


In general, for operation in the inter- 
mediate ranges for dose (10°-10' rads) 
10° rads/hr) there 
How- 


ever, for doses greater than 107 rads 


and dose rates (104 


is a wide choice of dosimeters. 


the choice is limited largely to lumi- 
nescence degradation and nitrous oxide, 
both of which are in relatively early 

It should be 
that the 


range given for glasses is quite con- 


stages of development. 


mentioned, however, dose 


servative. Some of the newer glasses 
being studied show capabilities of going 
to at least 10° rads (K7i58a). 
also in an early stage of development. 

Over-all, 
appears to be the best bet, currently 


These are 
luminescence degradation 


for those who must measure high doses 
with an integrating device. Of course 
if external connections can be provided 
the output of 


measuring devices can be used. 


rate- 
With 
photovoltaic cells, ion chambers and 
upper 


integration of 


Cerenkov detectors an dose 


limit is imposed by permanent damage 


produced by radiation. The useful 


Columbus, Ohio 


range can be extended by use of radi- 
ation resistant materials. 
Rate dependence. The 
tion on dose rates must be examined 
First, the 
ranges given obviously do not imply 
Many of the 
are rate-dependent but can 
high 
calibrated. 


informa- 


closely for two reasons. 
dose-rate independence. 

systems 
reliable 
rates if 
the 

independent of rate over the ranges 
I believe that plastics darken- 
ing, photography, photovoltaic cells. 


give measurements at 


dose properly 


Some of systems are, however, 


given. 


glass, dyed plastics, halogenated dyes, 
ceric sulfate, and ionization chambers 
exhibit dose-rate dependence in the 
ranges Ranges 
given for others, particularly ferrous 


indicated for each. 


sulfate, nitrous oxide, and quinine, 
probably represent dose-rate-independ- 
ent ranges. At dose rates above ~108 
rads radiation heating is important. 


Costs 


For the lowest-cost poly- 
merization, it 
that this is 


dosimeter. With rate devices manual 


system, 
must be remembered 
essentially a go—no-go 
measurements can be made with rela- 
However, if 

electronic 


tively small investment. 
continuous recording or 
integration is desired, equipment costs 
can get into the range of thousands of 
dollars. 

Equipment costs reflect individual 
the 


large 


judgments as to how elaborate 
should be. To a 


differences in 


equipment 
extent, however, costs 
are due to real differences in system 
requirements. For example, response 
of the methylene-blue system can be 
simple colorimeter, 
the ferrous-sulfate 
apparently apply to an 
ultraviolet Opti- 
cal readout could be on a less expensive 
complexing 
permits 


measured by a 
whereas costs for 
dosimeter 
spectrophotometer. 


using a 
which 


instrument by 
ferric ion 
measurement in the 
Alternatively titration offers low equip- 


agent for 
visible region. 
ment costs. 

For ceric sulfate the choice between 
two methods is dictated by the range 
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of Dosimetry Methods 


In general, 
throughout the list of photon dosimetry 
systems, more costly equipment gives 


of doses to be measured. 


returns in increased convenience, ac- 
curacy or both. 


Time Requirements 


One must consider over-all time re- 
include materials 
preparation and delay between irradia- 


quirements, which 


tion and measurement as well as 
measurement time. In large-volume 
use differences can be important. 
Instrumental monitors are capable 
of fully automated, instantaneous 
readout. However, there are many 
for example, irradiation 
of packaged materials—in which these 


applications 


systems are not suitable or at least do 
not provide all information needed. 
In these cases dosimeter systems such 
as plastics darkening, glasses, lumi- 
nescence degradation, and dyed plastics 
can be maintained as shelf items with 
extended life, and they provide the 


of prime importance this step can be 
eliminated—at least for some glasses 
accurate 
time between irradiation 
Recent developments 
indicate that heat treatment can be 
shortened to ~10 min (Nu59). 


by proper calibration and 
control of 
and readout. 


Permanency of Change 


For solid-state systems in general 
one can expect to circumvent insta- 
bility problems by suitable, uniform 
heat treatment. Except for the in- 
convenience and time for heat treating, 
these can be very satisfactory. 

A word of caution is in order regard- 
ing 100% 
chemical systems. 
interpreted 
between irradiation and readout is of 
While radiation-in- 
duced change may be permanent, it is 


permanency for various 
This should not be 


as indication that delay 
no consequence, 
sometimes supplemented by additional 


change after irradiation. 
ple, the effect of exposure to light on 


For exam- 


normal room-temperature irradiations. 
However, where large dose rates are 
encountered or measurements are to 
be made on site in an experiment at 
elevated temperatures, this factor must 
be considered. 

Of the 
nitrous-oxide system is probably best 


chemical dosimeters, the 
for high-temperature applications. In- 
formation 
indicates 
up to about 250°C. Cerie- and ferrous- 
sulfate systems are limited to tempera- 


available on this system 


temperature independence 


tures below about 70° C. 

Because of annealing, glass, lumines- 
cence degradation, and plastics-dark- 
ening systems show definite tempera- 
ture dependence. 
postirradiation heat treatment above 
the highest irradiation temperature 
may eliminate the problem. 

One other type of temperature effect 
should also be mentioned: the effect 
of readout temperature. With ferrous 
sulfate, for example, the extinction 


However, a suitable 


rapid readout. In the 
measurement, one 
shortcoming of the glasses is the time 
required for postirradiation heat treat- 
ment frequently used to stabilize the 
dosimeter. However, where speed is 


convenience of 


terms of rapid 


and _ ferrous-sulfate 
systems is well known. 


ceric-sulfate 


Temperature Effects 


Temperature effects are not a serious 
problem over the range covered in 


coefficient for ferric ion is tempera- 
ture dependent. Normal 
perature variations and heating pro- 
duced during prolonged residence time 
in the spectrophotometer during read- 
out can cause appreciable error. 


room-tem- 


Table of Characteristics of 24 Dosimetry Systems on Two Following Pages 


Epirors’ NOTE TO THE FOLLOWING TABLE: Column headings 
abbreviations of the following detailed 
Over what range of TOTAL DOSE do you con- 
sider the method usable? Please shade the following bar to 
indicate regions in which the method is accurate to +2%, 
+5%, +20%. 2. At what DOSE RATES do you consider 
the method usable? Please shade the following bar to show 

+5%, +20%. 3. What 
is the cost of equipment required to make this method avail- 
able for routine dosimetry? (Assume that the system will 
not make use of apparatus borrowed for the purpose.) 4. 
What is the approximate cost per measurement of materials 
5. With the system 
established, how much time is required to make the following 
numbers of routine measurements? Suppose, for example, 
that during a single operating day you are to make 1 measure- 
ment or 20 measurements or 100 measurements. Exclude 
6. (a) How much delay must there be between 
(b) How much delay can there be 
between exposure and reading? (c) What fraction of the 
change with exposure is permanent? 7. What do you find 
are the principal advantages of the method? 8. What are 
the greatest disadvantages and inconveniences of the ¢ 
metric method? 


in the table are 
questions: 1. 


ranges in which accuracy is +2%, 


required for routine measurements? 


waiting time. 
exposure and reading? 


osi- 


Here are the names and affiliations of people who sent the 
answers: CHARLES ARTANDI, Ethicon, Inc., Somerville, 


Vol. 17, No. 10 - October, 1959 


N. J.; NATHANIEL F. BARR, Sloan-Kettering Inst., N. Y., 
N. Y.; GERALD E. BLAIR, Bausch and Lomb Optical Co., 
Rochester, N. Y.; SEYMOUR DONDES, Rensselaer Poly- 
technic Inst., Troy, N. Y.; PAUL Y. FENG, Armour Re- 
search Foundation, Chicago, Ill.; L. H. GEVANTMAN, USN 
Radiological Defense Laboratory, San Francisco, Calif.; 
SAMUEL A. GOLDBLITH, Massachusetts Inst. of Tech- 
nology, Cambridge, Mass.; EDWIN J. HART, Argenne Na- 
tional Laboratory, Lemont, Ill.; PAUL HARTECK, Rens- 
selaer Polytechnic Inst., Troy, N. Y.; ERNEST J. HENLEY, 
Columbia University, N. Y., N. Y.; FRANK E. HOECKER, 
Univ. of Kansas, Lawrence, Kans.; L. E. HOLLANDER, Jr., 
Victoreen Instrument Co., Cleveland, O.; NORBERT J. 
KREIDL, Bausch and Lomb Optical Co., Rochester, N. Y.; 
JOHN J. MAYERNICK, Merck and Co., Rahway, N. J.; 
JERRY W. MOODY, Battelle Memorial Inst., Columbus, 
O.; H. F. NITKA, Ansco, Binghamton, N. Y.; JAMES H. 
SCHULMAN, Naval Research Laboratory, Washington, 
D. C.; CARL R. SIEBENTRITT, Jr., Bendix Aviation 
Corp., Cincinnati, O.; SANFORD C. SIGOLOFF, Edgerton, 
Germeshausen and Grier, Las Vegas, Nev.; GLADYS 
SWOPE, Argonne National Laboratory, Lemont, IIL; 
SAMUEL I. TAIMUTY, Stanford Research Inst., Menlo 
Park, Calif.; C. C. THOMAS, Jr., Westinghouse Electric 
Co., Pittsburgh, Pa.; DAVID A. TRAGESER, Histh Voltage 
Engineering Co., Burlington, Mass. 
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Dosimetry Systems: 24 Methods for Measuring 





Dosime try system 


Me + 2% 
104 


105 


Total-dose range (rads) 


SY +20% 
109 40!0 


3 +5% 


10° 407 108 


Dose-rate range (rad/hr) 


Mme +2% 
10% 105 


+5% +20% 
108 





Ferrous-ferric (Fricke) 


Ceric-cerous 


Ferrous-cupric) 


sw ope 
Halogenated-hydrocarb on— acidi- 


metric dye (Sigoloff) 


Nitrous oxide 
(Harteck & Dondes) 


Methylene blue , 
Goldblith 


Gas evolution 
Hart) 


Starch-iodine 
Gerantman 





Photography (print-out paper 





(Nitka) (visual evaluation 


(instrumental evaluation 


Dyed plastics 


Henley) 


Darkening of plastics . 
rtandi 


Depolymerization :' 
eng) 


polyes 


Hoecker 


Polymerization (styren 


ters) 


Glass fluorescence 
Schulman) 


Luminescence degradation 


Schulman) 


Scintillator damage 
acid) 


quinine in 
arr) 


Glass darkening 
(Kreidl & Blair 


Photovoltaic cells 
Moody 


Cerenkov-photovoltaic monitor 


homas) 


Cadmium-sulfide (rate device) 
cells (Hollander) 


(dose device) 


Faraday cages, cups, plates* 
I 


rageser 


Ionization chambers 
(Siebentritt) 


Calorimetry 
(Taimuty) 








Microbial monitors 





Mayernik) 








107 108 109% 4010 








BESS 
MMA 








Ferrous-ferric : * for spectrophotometer 

Ceric-cerous: * titration method; ¢ spectro 
photometer method 

Halogenated -hydrocarbon-acidimetric-dye: 
* all times include data reduction to final answer 

Nitrous oxide: * Pyrex vessel; + quartz vessel 
} special apparatus could cut the time by a factor 
of 

Gas evolution: * times depend on intensity of 
source and composition of solution since liquids 
other than water can be used [see E. J art, S 
1954 


Gordon, NucLEoNtIcs 12, No. 4, 40 
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Starch-iodine: * actual accuracy is +10% 

Photography: *total range for 1-3-Mev 
photons can be extended by factor of 50 with 
3-in. lead filter 

Dyed plastics: * times assume no use of auto- 
matic reading device 

Polymerization (styrene polyesters): * no equip- 
ment is required for reading; chemical balance 
beakers and flasks are required for preparation 
measurement cost is for actual materials; prepara- 
tion of 100 dosimeters requires ~1 hr 

Glass fluorescence: * Glass can be reused after 


annealing for 5 hr at 400° C. 

Luminescence degradation: * Range can un- 
doubtedly be extended upward (and probably 
downward) with other materials. t+ After heat 
treatment (1 hr, 100° C) 

Glass darkening: * delay between exposure and 
reading depends on particular glass dosimeter 
chosen and precision desired; F-0621 glass (Bausch 
and Lomb) is relatively stable when measured at 
3,500 and 4,000 A for exposures in the 105-rad 
range; fading is <5% 2 mo after irradiation; 
fading increases with dose and wavelength, but 
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Large Radiation Doses (for discussion see two 


preceding pages) 





Eq dapme nt 
cost 


dollars 


2 .500* 


100* or 
2 .000T 


OOU 


OOO 


500-1 ,000 


600 


0* 
250-350 


200-300 


1,000 


250 


600 
10 


500 
2.500 


200* or 
2, 5007 





Materials 
cost 
(dollars 
per 


measurement) 


0.01 


0-05 


0.02 


Ol 


.O1 
004 
0.02 
0.05* 
0* 


0.05-0.10 





Time for 


measurements 


(min) 


20 


20 


200 


40 


80 


100 





Delay 


time (min) 


(must 
be) 


(can 


be ) 


0 10° 


10° 


10° 


10° 


> 10° 


10° 


0 >5 ,000 


>5 X 105 


>4 X 10' 


~0.5* 


4 X 10¢ 





Fraction of 
change that 
is permanent 
(%) 


100 
100 
80-100 


>95T 


(little) 





Advantages 


high accuracy; direct analysis without 
further treatment; solution can occupy 
space and volume of sample 


simplicity; accuracy 


extends range of ferrous-ferric system 


size; insensitivity to neutrons; range; 
ease of evaluation 


temperature range—S0°-200° C; de- 
composition products don’t interact; 
wide dose and rate ranges; unlimited 
shelf life 


ease and simplicity for routine work 


usefulness for continuous source moni- 
toring; response to all radiations in- 
cluding neutrons 


simplicity of colorimetric measure- 
ment; little need for attention to puri- 
fication; range adjustment by varying 
iodine concentration 


speed; cost; simplicity; lack of need 
for processing after exposure 


convenience; cost; simplicity 


simplicity; cost; applicability of visual 
evaluation 


wide range (4 decades for one dosim- 
eter; 6 decades for system) 


go-no-go system; wide range; cost; lack 
of need for auxiliary equipment 


convenience; ruggedness; solid, indefi- 
nite storage, dosed or undosed 


smallness; solid; long-term storage, 
dosed or undosed ; use of cheap, readily 
available chemicals; wide range; ability 
to reread; simplicity 


speed; convenience; reproducibility; 
sensitivity 


simplicity; accuracy; cost; ruggedness 
simplicity; speed 


simplicity; cost; lack of time delay; 
logarithmic response 


electrical nature; applicability to con- 
tinuous monitoring; lack of need for 
recalibration 


direct reading; availability of recycl- 
ing; unlimited shelf life 


direct measurement of sterilization; 
applicability for establishing a sterili- 
zation process and for witnessing 
sterilization during irradiation 


Disadvantages 


need of operator experience; need for 
care in irradiation 


need for titration at high doses and 
rates 


solutions less stable than ferrous-ferric 
ones; nonlinear at high doses 


need for production know-how; need for 
glass container (research is looking for 
a suitable plastic vial) 


need for vacuum and liquid air; need to 
break seals in vacuum 


need for standardization of each batch 
of dye 


need for individual gas-collection*sys- 
tem for each measurement 


energy dependence; starch fraction 
must be soluble; need of time lag for 
color growth; not tissue-equivalent (but 
it can be made so 


lack of commercial availability 


variation of accuracy with different 


batches of plastics 


need for standard color development 


limited accuracy; need for temperature 
control or correction and standard 
reading time 

decrease of sharpness of index at high- 
est doses; requirement of cold storage 
for periods of a month or more 

useful at intermediate dose range (10- 
10,000 r) 

need for heat treatment (if one is to 
avoid all recovery effects 


logarithmic response 


need for calibration; limits of dose 
range 


lack of total-dose response 


need for radiation energy great enough 
to produce Cerenkov radiation (for 
electrons in water, 0.26 Mev 

to establish 


need for more research 


feasibility 


failure to tell absorbed dose directly; 
requirement of careful original design 
and calibration; not go-no-go 


suitability for standardization only; 


need for skilled personnel 


need for 7 days to obtain results; need 
for bacteriological training 





is still within 5% if measured a few 
hours after irradiation; in general, ~95% of 
change is permanent at low dose when measure- 
ment is with short wavelengths, and 75% of 
change is permanent with doses of 10¢ — 107 rads 
when measured at 5,000 A; this is true only for 
this specific system; for other glass dosimeters 
fading may result in loss of 50% or more of change 
with exposure 

Photovoltaic cells: * $5-10 for a silicon solar 
cell; $100 for an adequate voltmeter; after 10° 
rads total dose silicon cell must be replaced; 
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precision 


+ device reads rates, essentially instantaneously 

Cerenkov-photovoltaic monitor: * wide range 
of total dose has not been investigated; device 
was exposed to ~1.8 X 10° rads at 3.4 « 10%- 
1.7 X 10° rads/sec with no apparent damage; 
t reproducibility is +5%; absolute accuracy has 
not been determined; {device reads rates 
instantaneously 

Cadmium-sulfide cells: * reading as a dose 
device is probably very critical for 0.5 hr after 
exposure 


Faraday cages, plates, cups: * these systems 
are not dosimetry methods in themselves, but 
rather beam-measuring devices for electrons only; 
must be used with energy sensors to determine 
dose 

Ionization chambers: 
and total dose 

Microbial monitors: * assuming normal bac- 
teriological facilities available; ¢ assuming labora- 
tory facilities available but bacteriological facili- 
ties have to be provided 


*times vary with flux 
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CHEMICAL DOSIMETRY offers a range of 
flexibility unmatched 
dosimetric system: choice of gaseous, 











by any other 
liquid, gel or solid states; dose ranges 
from ~10 to >10° rads; and, within 
limits, choice of density. 

The accompanying table illustrates 
Al- 
though only six or eight out of the 
more than forty methods listed have 


the variety of available methods. 


gained widespread use (the favored 
ones are indicated by arrows), the less 
popular methods may be preferable 
for special situations. The references 


(see p. 75 for bibliography) were 
selected to 
information where desired. 

Because chemical-dosimeter systems 
usually involve chain reactions or ex- 


tremely low concentrations, purity of 


provide more complete 


reagents and glassware is of utmost 
importance. 
ified by distillation or recrystallization. 
For highest precision, double- or triple- 
distilled (not deionized) water is used. 
If less precision is tolerable, ordinary 
distilled water can often be used. 


Organic reagents are pur- 


Liquid Systems 


The chemical dosimeter that has 
enjoyed the greatest amount of research 
effort and is the most nearly standard 
is the Fricke dosimeter. Its sensitivity 
can be increased by tracer amounts of 
iron-59 to aid in the analytical steps. 
On the other hand, the addition of a 
copper salt decreases the oxidation rate, 
allowing a twentyfold increase in the 
usable dose range. Use of the iron 
complex of 1:10 phenanthroline during 
irradiation allows analysis by visible 
instead of ultraviolet spectrophotom- 
etry and causes the iron to be reduced 
rather than oxidized during irradiation. 
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Chemical 


Dosimetry 


By DAVID E. HARMER, The Dow Chemical Company, Midland, Michigan 


Another popular dosimeter makes 
use of the reduction of ceric sulfate. 
It has the advantage over the Fricke 
unaffected by the 
oxygen in 


system of being 


presence or absence of 
solution. Since the G value is nearly 
six times lower than that of the iron 
system, and since higher concentra- 
tions can be used, the effective range is 
much larger. The addition of thallous 
sulfate to the ceric system produces a 
dosimeter that is intermediate in yield 
between the ceric and ferrous systems. 

Oxalie acid (without metallic salts) 
as a dosimeter is relatively new. Its 
large dose range and relative insensi- 
tivity to impurities make it attractive 
for further investigation. 

Iodide salts are readily oxidized by 
radiation to yield free iodine, which 
produces a deep color with starch. 
However, their nonlinearity with dose 
and low analytical precision make them 
generally undesirable. 

Benzene or benzoic acid is quanti- 
tatively hydroxylated by irradiation in 
solution. The 
the 
reagent to develop the color, although 


aqueous analysis is 


complicated by use of Folin’s 
in some cases spectrophotometry or 
spectrophotofluorometry can be used 
directly on the dosimetric solution with 
good results. 

Of the dye solutions, the most fully 
developed is aqueous methylene blue. 
The fading of the blue coloration can 
be conveniently followed with a labora- 
tory colorimeter. 
than for ferrous or ceric solutions. 

Of the chlorinated 
chloroform and 
are particularly popular. 
these systems, the HC] liberated during 
decomposition is measured electrically, 
but, in the great majority of cases, 
dissolved dye is used as a reaction indi- 
eator. In the 
destroyed or changed to a 
structure by the fragments produced in 


Accuracy is less 
hydrocarbons, 
carbon tetrachloride 
In some of 


some cases, dye is 


colorless 


the radiolysis of the chlorine-contain- 
ing solvent. In these cases, the system 
is similar to those using dye in water 
or in inert organic materials, except 
that the radiosensitivity of the chlori- 
nated hydrocarbon accelerates the dye 
resulting in a more 


system. As an example, 


decomposition, 
sensitive 
methyl yellow has an exposure range 
more than 10* shorter in chloroform 
than in cumene. 

In other dosimeter systems, the dye 
included in the chlorinated solvent 
functions purely as a pH indicator. 
These systems may have one or two 
liquid phases present, depending upon 
the amounts of organic solvent and 
water. A stabilizer and predetermined 
amounts of alkali are usually included 
to control the dosimeter range. 

Chlorinated hydrocarbon dosimeters, 
in general, suffer from the fact that 
chain reactions are involved, making 
them particularly sensitive to impuri- 
ties and atmosphere. Alcohol or cer- 
tain phenols are usually necessary in 
the system as stabilizers. 

Combinations of chlorinated hydro- 
carbon dosimeters are valuable in 
assessing neutron dose in mixed-radi- 
fields. The neutron 
varies with the proportion of water in 
Thus 


ation response 
the make-up of the dosimeter. 
a pair of dosimeters might include one 
tetrachloro- 


containing nearly 


ethylene and the other, a large portion 


pure 


of water. 


Gel Systems 

Gel systems are partictlarly useful 
for measuring dose as a function of 
depth for electrons or soft X-rays. 
A gel is formed by combining one of 
the dye systems with gelatin or agar. 
After exposure, slices of the gel are 
examined for dye intensity in various 
locations. Electrical probes can also 
be used if a chlorinated hydrocarbon is 
a constituent of the gel. 
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Chemical Systems for Dosimetry—Liquid, Gel, Solid and Gas Systems 


Dosimetric Refer- Maz. dose Conversion Type of 
method * ences Reagents (rads) Value, G_ radiation Method of analysis 


LIQUID SYSTEMS 
Methods using iron salts 
Fricke Amé59 We,62_ Air-sat’d aqueous sol’n: 4 x 104 15.6 U-v spectrophotometer at 
Ho,53 We,56 0.001 M FeSO,, 0.001 M 3,050 A 
NaCl, 0.4 M H.SO, 
Fricke with iso- Rud3 As above + Fe®® tracer Good down to 15.6 ; Conversion to thiocyanate 
topic tracer 0-100 complex, extraction with 
i-amy! alcohol, counting 
of Fe®* in each layer 
Cu-modified Hag4 Air-sat’d aqueous sol’n: 8 X 10° U-v spectrophotometer at 
ferrous 0.001 M FeSO,, 0.005 M 3,050 A 
H.SO,, 0.01 M CuSO, 
Ferrine Led3 Air-free sol’n. of ferric 1:10 3 X 104 10.0 in 7 Buffer to pH 4 with sodium 
Pud3 phenanthroline in aqueous 04M — (n, with acetate, use spectropho- 
Pud5 0.4 M H.SO, H,SO, H,BQ,) tometer at 5,100 A 
Ceric sulfate 
Ceric sulfate Da,d3 Wed2 0.004 M Ce(NH,), (SOx), 10° 2.4 B, ¥ U-v spectrophotometer at 
Has58 Wh2d5? 0.4 M H,SO, in triple- (108 under 3,200 A, or by titration 
Ni,65 distilled water special con- 
ditions; yield is not linear) 
Tl-modified ceric Sw56 Same as above, plus 10~-*-10~? mole /| 7.92 U-v spectrophotometer at 
of thallous sulfate, H.O redistilled 3,200 A 
from alkaline permanganate 
Oxalic acid Drdi9 Commercial-grade oxalic 1.6 X 108 4.9 7, pile Formation of the cupric- 
acid in aqueous sol’n; (1.6 X 10° radia- benzidine complex after 
concentration chosen to minimum) tion irradiation, u-v spectro- 
cause <30% use of rea- photometer at 2,490 A or 
gent during exposure permanganate titration 
lodide systems 
lodide J53 KI or KI-starch solution Nonlinear X, Photocolorimeter or by 
Le250 color of starch complex 
Iodide with iso- Rud3 Acidified aqueous potassium Lower than ” Extract I, with CS., count 
topic tracer iodide + I'*! tracer for ferrous I‘! in each layer 
Benzene and benzoates in water 
Sodium benzoate Da51 0.5% in water 6 X 104 xX Add Folin’s reagent, buffer, 
heat, measure colori- 
metrically 
Calcium benzoate Ar,é8c 1074 M calcium benzoate X, 7 Spectrophotofluorometry ; 
excite at 2,900 A, read at 
4,000 A 
Jenzene-water CaJ1 Benzene-saturated water 6 X 104 X, ¥, Spectrophotometer meas- 
Day51 urement directly on irra- 
Wrd2 diated sol’n at 2,700 A, or add Folin’s rea- 
gent, buffer, heat, measure colorimetrically 
Dye solutions 
Methylene blue Da,é3 God2 1 gm/l methylene blue in 6 X 10° X, 7, B Colorimeter 
Da5? Labs water 
retrazolium salt Gi49 Aqueous solution of 2,3,5- 3 X 10 X,@ Formation of water-insolu- 
triphenyl-tetrazolium minimum ble red formazan 
chloride, pH 5.5-6.6 
Leuco triaryl- Ar,68a 10°°*M 2 X 103 : Spectrophotometer at 
methane Ar,68b 4,4’-(5-chloro-2-thenyl- 6,330 A 
idene)bis [N,N-dimethy]-aniline], 10-4 M 
Fe(N H,)2(SO,)2, 0.1 M NaCl, 7 X 107% M HCl 
Methyl yellow Kid8a 0.5 gm/| methy! yellow in 108 X, 4 Spectrophotometer at 
Kid8b cumene 1,060 A 
Chlorinated hydrocarbon systems—1-phase 
Methyl yellow Cl66 4 X 10-*-5 X 10-5 M dye 3 X 108 8-: X U-v spectrophotometer at 
in CHC], or CCl, 3,050 A 
DPPH hd: Diphenyl picryl hydrazyl in 100 min to 7.6 X, 9 Photometer 
CHCl, high doses 
2-Hydroxy-4-nitro- 2 X 107-4 M dye in ethanol 104 d X Spectrophotometer at 
phenylazo-s- containing 20-80% CHCl, 5,900 A 
naphthol or CCl, 
Resazurin C155 1 X 10-4 M dye in ethanol 9 X 103 -18 X Dilution with ethanol, spec- 
containing 20-80% CHCl, trophotometer at 6,120 A 


* The symbol ® indicates those methods that are most widely used. CONTINUED ON NEXT PAGE 
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Chemical Systems for Dosimetry (Continued) 


Conversion 


Type of 
radiation 


Maz. dose 
(rads) 


Refe r- 


ences 


Dosimetric 


method* value, G 


Reagents 


LIQUID SYSTEMS (cont.) 


1-phase (cont.) 
1 X 10-* M dye in ethanol 
containing 20-80% CCl, 
5 X 10-5 M dye in CCl, 


Chlorinated hydrocarbon systems 
Resazurin Cl56 1.5 X 108 


Dithizone 600 


5 X 10 M dye in CHCl, 

CHCl, or CCl, with alcohol, 
KOH and bromcresol 
green 

Water saturated with chlor- 
inated hydrocarbon, 
resorcinol, dye 

CHCl; or CCl.: CCl. with 

~0.2% hexylresorcinol or 

2,6-di-tert-butyl-4-methyl 

phenol 


600 
2 X 10° for 
CHCl, 
108 for CCl, 
20 minimum 


Dithizone 
Bromcresol green 


Single-phase aque- 
ous, chlorinated 
hydrocarbon dye 

Chloroform or 
tetrachloro- 
ethylene 


y; insensi- 
tive to n 


2X 10 


And50 104 or more 
And? 


Hi,56 


0.001-1 M chloral hydrate 
dissolved in conductivity 
water 


Chloral hydrate 


Chlorinated hydrocarbon systems—2-phase 

Chloroform-water Kad2 3 parts CHCl;, 1 part HO 
double distilled), 0.15% 
alcohol 

Purified CHCl;, resorcinol 
(0.2-2.0%) or ethanol 
(0.2%), water (about 14 
of total) with bromeresol 
purple, pH adjusted 


Very low to 


p Chloroform-dye 
10° 








GEL SYSTEMS 


Starch-iodide gel Ged? KI-starch in 1% agar 


0.001—0.003 % methylene 4 X 104 
blue in 1% agar, air-free 
water 

1% agar, 1% sodium benzoate, 0.2‘ 
0.003 % methylene blue, air-free water 

8 ml of a 14-67 mg % sol’n (mg/100 mg sol’n) of 
resazurin per liter of 2% agar sol’n, air-free water 

0.001% dye in agar or gela- 6 X 104 
tine, air-free water 


Da.50 
DaJl 


Methylene-blue gel 


Da.50 % benzoic acid 
Dal 
Go5 2 

Prd0 
Da.50 
Da51 


Methylene-blue 
benzoate gel 
Resazurin gel 


Phenol-indo-2: 6- 
dichlorophenol 
gel 

2,3,5-triphenyl- 
azolium chloride 
gel 

Trichloroethylene- 
dye, gel 

Chloral hydrate 
gel 


Go52 8 ml of 14mg % dye to 
1 liter of 2% agar 


1% agar gel with trichloro-ethylene 3! X 
and bromcresol purple 
0.05 M chloral hydrate in 
0.5-0.75% agar (methyl 

red can be added, 
3 X 107% gm/l) 


8 X 10° X, 7,8 


SOLID SYSTEMS 
Cast 0.0016-in. film from 107 
4% solution of polyvinyl 
chloride (Geon 101) in 
chlorobenzene with 0.01- 
0.2% methyl! violet 
Blue cellophane, commer- 10’ 
cially available from _— , 
Du Pont, contains dimethoxydipheny]-bisazobis- 
8-amino-1-naphthol-5,7-disulfonic acid, as dye 
(Du Pont 300 MS light-blue cellophane) 
GAS SYSTEM 
3 X 10° 








p Dyed plastic film X, 7 


p Cellophane-dye 








Nitrous oxide Pure N.O 


*The symbol > indicates those methods that are most widely used. 


Method of analysis 


Dilution with ethanol, spec- 
trophotometer at 6,120 A 


Spectrophotometer at 6,150 
or 4,400 A 


Visual comparison 


Color change 


Extraction with chloro- 
phenol red solution fol- 
lowed by titration with 
10-* N NaOH or spec- 
trophotometer 

Electrical conductance cell 
with tungsten electrodes, 
Q-meter or chloride 
analysis 


()-meter 


Visual comparison 


Gel is cut into sections, 
examined colorimetrically 

Spectrophotometer 

Spectrophotometer 

Visual inspection 


Visual inspection or spec- 
trophotometer 


Visual inspection 


Spectrophotometer 


Spectrophotometer at 
5,400 A, if dye is used, 


or glass-electrode pH meter, or electrical 
conductivity (tungsten electrodes) 


Spectrophotometer at 
6,000 A (uniform thick- 
ness, clarity are impor- 
tant) 


Spectrophotometer at 
6,550 A (poor repro- 
ducibility) 


Measurement of pressure of 
Ne + QO, formed or 
colorimetric determina- 
tion of NO, formed (at 
higher doses) 
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Absorption of Monoenergetic X- and y-Rays 


By MARVIN H. GREEN, Department of Public Health, Philadelphia, Pennsylvania 


[HE NOMOGRAM presented here is basi- 
ally a graphic representation of 
the exponential equation I = I,e-*?. 
Thus it is applicable not only to shield- 
ing problems but also to problems of 
radioactive decay (as indicated in the 
drawing below) and reactor neutron- 
flux change as a function of reactor 
period. 

In addition to the exponential equa- 
tion, the nomogram also uses the 
equation Ty = 0.693/p. 

For the shielding case, the symbols 
represent the following quantities: J) = 
original intensity; J = intensity after 
filtration or absorption; wu = linear ab- 
sorption coefficient; 7 = thickness of 
absorber; 7’ = half-value thickness. 

The inset below the nomogram indi- 
cates what parameters to use when 
applying the nomogram to radioactive 
decay. 

The following examples illustrate the 
use of the nomogram: 


mM 
Li 


Ul 


| 


Thickness of Absorber, T 
% of Original Intensity 


Problem: What thickness of lead is 
needed to reduce intensity of 1-Mev 
y-rays to 10% of original intensity? 
Given uw = 0.790/cm. 

Answer: Draw straight line from 10 on 
% scale through 0.790 on uw scale. 
tead 2.92 cm on 7’ scale as answer. 


t Ul 


TT 


TOUTE TTR RUTUCET TEESE TERE POET PEeeT 
1s AAAI DA 


Problem: Half-value thickness for 30- 
kev X-ray is given as 2.19 mm of alumi- 
num. What % of original intensity 
will remain if X-ray is filtered by 4 mm 
of aluminum? 

Answer: Draw straight line from 4 on 7’ 
scale through 2.19 on 7'y scale. Read 
28.3% on % scale as answer. 











Problem: 7 mm of aluminum will re- 
duce intensity of 40-kev X-ray to 32.2% 
of incident value. What is linear ab- 
sorption coefficient in aluminum for 
X-ray? 

Answer: Draw straight line from 7 on 
T scale to 32.2 on % scale. Read 
0.162/mm as answer on up scale. 
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| ] Structural Design in 
B4 


FIG. 1. CREEP-TESTED TO FAILURE, 
stainless-steel pressure vessel under 
internal pressure developed crack at 
nozzle penetration. Failure occurred 
because reinforcement at nozzle open- 
ing was not adequate to deter creep 
under stress concentration at joint. 
Data accumulated from tests of this kind 
provides basis for reliable analysis of 
structure at high temperature 


FIG. 2. STRESS FROM THERMAL STRAIN 
€th. Stress value was calculated assum- 
ing that elastic strain always over- 
estimates actual stress because of relaxa- 
tion and/or plastic strain 
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For very-high-temperature design, traditional stress 


analysis must be replaced with methods better suited to 


investigation of reactor structures subject to severe 


thermal stresses and progressive deformation with time 


By N. H. TRINER 


Pratt & Whitney Aircraft, Middletown, Connecticut 


FoR REASONS OF PERFORMANCE some 
nuclear-reactor systems are being de- 
signed and built for high-temperature 
operation. As a consequence, more 
attention is being focused on structural 
The exist- 


pressure 


design for such conditions. 
ing structural 
vessels, piping and heat exchangers are 


codes _ for 


based on a large background of experi- 
ence with structures that operate at 
temperatures where materials behave 
Structures for moderate- 
temperature reactors generally conform 


elastically. 


to existing practice, except for the 
special need to evaluate nuclear effects 

i.e., thermal stresses due to neutron 
and gamma heating, radiation effects 
on mechanical properties, and greater 
reliability requirements. At the high 


temperatures involved in certain cur- 
rent and advanced applications, the 
standard codes lose some of the prestige 
of empiricism, and it has become neces- 
sary to review concepts that had not 
previously been challenged. 

As a result of such critical re- 
examination, structural-design proce- 
dures are undergoing modification. 
The interesting point is that the 
approaches being developed for high- 
temperature structures are often more 
rational than the elastic methods they 
replace—rational, that is, in that the 
realities of material behavior are more 
Coded struc- 
tural practice, based as it is on the 


adequately considered. 


assumption of elastic behavior, often 
masks the real response of the material 
by large factors of “safety.” Aside 
from weight considerations, the thick 
members resulting from overconserva- 
tive design incur, in a nuclear reactor, 
the penalty of excessive thermal 
stresses. 

To achieve the balanced and effi- 
cient design required, one must define 
the response of materials and struc- 
tures. This need has dictated that the 
basic tensile, fatigue and impact tests 
from which properties are 
usually obtained be augmented by 
uniaxial- and biaxial-creep tests, high- 
temperature plastic-strain cycling tests, 
thermal-shock tests, relaxation tests 
and. other specialized investigations 
see Fig. 1). 


design 


These data are pre- 
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High-Temperature Reactors 


requisite to the successful design of 
a high-performance elevated-tempera- 
ture structure. 

High-temperature structures differ 
most from normal practice in three 
aspects: (1) the existence of two types 
of stress, (2) effects of thermal stresses 
and (3) creep deformations. 


Types of Stress 


Stress is defined as the force per unit 
area developed within a part in response 
to its loading. There have always 
been two types of stress, but until 
recent years it was not important to 
distinguish between them in design. 

Load stress. The least complicated 
stress situation is one in which the 
stress develops solely to resist a directly 
applied load. This is called a load 
stress. Two examples of load stresses 
are: 

*A bar has a weight suspended from 
its end. Tensile stresses exist in the 
bar to maintain equilibrium with the 
applied load, and at any cross section 
of the bar the summation of stress 
equals the applied load. 

e A thin-walled cylinder contains in- 
ternal pressure. Here the membrane 
stresses, which hold the pressure forces 
in equilibrium, are load 
Their magnitudes depend only on the 
cylinder size and the pressure. 

The identifying characteristic of a 
load stress is that it is determined 
solely from the equations of static 
equilibrium without regard to material 
behavior. These stresses are easy to 
calculate, and no conceptual difficulty 
is presented in predicting their effects. 

Displacement stress. As soon as a 
material “constant” appears in a stress 
equation, the designer has encountered 
a displacement stress. This kind of 
stress results from a prescribed dis- 
placement imposed on the part rather 
than from a direct force. The identify- 
ing feature is that the stresses cannot be 
calculated without the introduction of 
some law of material behavior—such as 
Hooke’s law or a stress-strain-time 
relationship. By way of illustration: 
* A bar is clamped between two rigid 
walls, and the temperature is reduced 
uniformly. Standard elastic methods 
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stresses. 


conceive the bar to be cut free at one 
end, allowing it to contract to its stress- 
free length, as dictated by the tem- 
perature drop and the expansion 
coefficient. The force necessary to 
stretch the bar back to its original 
clamped length can be determined 
from the known linear proportionality 
between stress and strain. The stress 
in the bar is EH « AT. This simplest 
of all thermal-stress problems is typical 
in that the basic ingredient is a pre- 
scribed displacement. The stress mag- 
nitude is dependent both upon this 


FIG. 3. THERMAL CYCLES TO FAILURE 
vs. plastic strain per cycle must be 
measured by experiment (circles). More 
conservative (dashed) curve would be 
used for design purposes. Data is for 
316 stainless sieel in argon at 1,500° F 


displacement and upon the stress 
response of the material to strain. 

®A cylinder under internal pressure 
has its end rigidly clamped (say by a 
heavy plate closure). Away from the 
end the cylinder expands radially, but 
the end cannot grow outward because 
of its attachment. Again the standard 
calculation calls for an imaginary cut- 
ting free of the end and the application 
of moment and shear to restore the end 
to its actual, fixed position. The 
stresses produced by these edge mo- 
ments and shears are displacement 
stresses, for the magnitudes of the edge 
forces depend on the displacement and 
the stress response to strain. 

At elevated temperatures the dis- 
tinction between load and displacement 
stress is of more than academic interest: 
it is basic to design. Wher creep 


occurs, the bar that has a weight 
suspended from its end will grow with 
time and will continue to grow until it 
ruptures. This is the basic tensile- 
creep test, and it shows the effect of 
load stress. 

Consider another bar stretched at 
high temperature to a_ prescribed 
length and then clamped. If the 
stretching is accomplished in a short 
time, the stress required to elongate 
the bar may be approximated by an 
elastic calculation, because appreciable 
creep has not yet occurred. This 
initial stress is high enough to cause 
creep growth, but after the initial 
stretching the bar was clamped and its 
length cannot change. The stress, 
then, must decrease with time 
“‘relax’’—from its initially high level to 
some lower level, if the length of the 
bar is to remain constant. The rate of 
decrease in stress depends upon the 
material and the temperature. The 
net result, after some elapsed time, is a 
low stress and a plastic strain that may 
be quite large. (However, if the bar 
does not rupture in the initial short- 
time stretching, it will not fail during 
the relaxation process.) This is a 
description of the creep-relaxation test 
and shows the effect of a displacement 
stress. 


Thermal Stresses 


Thermal stresses are displacement 
stresses. Hence any design involving 
thermal stresses must take into account 
the fundamental way in which they 
differ from load stresses. The relaxa- 
tion process changes elastic strain to 
plastic strain by creep occurring within 
the framework of specified displace- 
ment. When this occurs the design 
variable changes from stress to plastic 
strain. Although failure of a ductile 
material will not occur under steady- 
state thermal stress, repeated cycling 
through this plastic strain can result 
in failure. 

Owing to startup, shutdown and 
fluctuations in power demand, the 
thermal stresses (or thermal plastic 
strains) are cyclic in nature, and one 
must consider the implications of this 
thermal-strain cycling. Recently there 
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has been some outstanding research 
work on this topic by several investi- 
gators. The results of this work show 
that the failure criterion can be ex- 
pressed as a limiting plastic strain per 
cycle. 

To proceed from discussion of the 
qualitative effect of thermal stresses to 
design of the structure, it is necessary 
to determine strain magnitudes. For 
simple geometries it is rational to 
calculate thermal stresses elastically. 
Although such numbers are completely 
fictitious, they are used to obtain the 
This is 
done by applying the elastic constants 
to the fictitious This 
seemingly unsophisticated calculation 


associated thermal strains. 


stress values. 
is justified because we are dealing with 
displacement stresses. The deforma- 
tions are imposed and stresses must 
follow in whatever way is possible from 
the characteristics of the material. To 
put it another way, thermal stress is 
the result of thermal strain. As shown 
in Fig. 2, the appropriate short-time 
stress-strain curve may frequently be 
used to find the limit of the 
thermal stress prior to relaxation 

One of the limitations of any simpli- 
fied approach to the calculation of 


upper 


thermal strains. is the existence of 


strain concentrations. Stress concen- 
trations in normal elastic design are 
important because they serve as start- 
When 


creep occurs, relaxation leaves plastic 


ing points for fatigue cracks. 


strains in the wake of displacement 
stresses which are critical in the cycling 
situation. Concentrations of strain 
arise from many sources: 


other geometric discontinuities, bound- 


notches and 


ary conditions of restraint on members, 
material heat- 
affected zones adjacent to welds, and 


variations such as 


, 


initial 


undary 


oted Bo 


/ 
Coolant Temperature! 


FIG. 4. THERMAL SHOCK suffered by wall (curves show tem- 
perature distribution for various times) when coolant temperature 
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temperature gradients that lead to 
variations in properties. 

The only way to determine the 
resistance of a material to failure by 
thermal-strain cycling is by experi- 
ment. Hence a test of this type is 
required to produce design data. In 
an effort to avoid some inherent short- 
comings of thermal-strain cycling tests, 
one may rely on isothermal mechanical- 
strain cycling tests conducted at a 
temperature where effects are equiva- 
lent. 
plastic-strain cycling data for type 316 
stainless steel at 1,500° F, showing the 
margin that might be applied for 
design. In such a plot, N is the 
number of cycles to failure and Ae, is 
that portion of the total strain range 
that is plastic. 

Thermal shock, or the problem of 
failure under a very small number of 
suddenly applied temperature-gradient 
changes, is of particular interest in 
dealing with brittle materials. Even 
a small capacity for plastic deformation 


Figure 3 is a plot of isothermal 


causes the thermal-shock problem to 
approach the thermal-cycling situation 
mentioned ductile 
rials, the rate of temperature change 
can be important because the thermal- 
strain magnitude depends upon this 
rate. 

Figure 4a shows the temperature 
distribution through a wall as a func- 
tion of time when the wall is in contact 
with a coolant having a low-resistance 


above. In mate- 


film, such as a liquid metal. Upon 
the application of a step change in 
coolant temperature, the surface tem- 
perature of the wall assumes the same 
value as the temperature, 
which is markedly different from the 
volumetric average temperature of the 
Since this temperature differ- 


coolant 


wall. 


temperature drop 


ence is the index of thermal-strain 
magnitude, it is not difficult to see 
that short-time plastic strains can 
result. For longer times after the 
shock the temperature disturbance 
penetrates the changing the 
volumetric average temperature. 

The design criterion for thermal 
transients, then, is to define a maxi- 
mum tolerable strain for repeated 
cycling and to strike a balance between 


wall, 


the rate of temperature change of the 
coolant and the thermal-response rate 
of the part. Figure 4b shows such a 
balance schematically. 

Another aspect of thermal gradients, 
quite thermal strains, 
involves load-stress 


unrelated to 
changes in dis- 
tribution caused by varying resistance 
to deformation. All the properties 
that determine this resistance to de- 
formation are highly temperature- 
dependent. At high temperatures the 
stress distribution through a member 
subjected to a temperature gradient 
will be distorted—i.e., the hotter, more 
easily deformable portion will unload 
itself on the relatively stiff, cooler 
region. 


Creep 


At high temperatures creep be- 
comes a major design consideration. 
“High temperature” is defined, for 
this discussion, as a temperature above 
which design stresses are determined 
For ex- 
ample, conventional design may be 


by short-time properties. 
based upon 34 of the yield-point stress, 
but since materials do not respect the 
significance with which we endow their 
yield points, there is a temperature at 
which the causes the 
material to exceed a creep design limit 
(say 44 of the 10,000-hr rupture stress, 


yield stress 


drops abruptly (a) is avoided (b) by programming coolant- 
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or the stress that produces 1% strain 
in 100,000 hr). So, for some aluminum 
alloys, high temperature may be above 
400° F; for a carbon steel, 900° F; 
for an austenitic stainless steel, 1,200° F; 
for a molybdenum alloy, perhaps 
1,500° F. 

Concerning stress analysis for creep 
conditions, much effort has _ been 
directed toward building a compre- 
hensive mathematical mechanics of 
creep based on the tensile-creep curves. 
This would serve as the high-tempera- 
ture counterpart of the well-known 
mechanics of deformable bodies which 
is based on the short-time stress-strain 
In principle, this is feasible, 
made 


curve. 
and large strides have been 
toward this objective. 

Stress analysis of any structure con- 
sists in satisfying three conditions: 
equilibrium, geometry of strain (com- 
patibility) and material behavior. 
Conceptually, to adapt the conven- 
tional mechanics of materials to creep 
conditions need only replace 
Hooke’s law, or some other representa- 
tion of the stress-strain curve, with a 
mathematical relationship that defines 
the response of the material to load 
at high temperature. 

Unfortunately, there is no simple re- 
lationship between stress, strain, time 
and temperature adequate to describe 
observed behavior. Whereas elastic 
strain is a linear function of stress, 
creep deformation is a complex relation 
composed of a power function of stress, 
an exponential function of temperature 
and a linear function of time—and even 
this is an idealization. It is often 
possible to derive the nonlinear partial 
differential equation that governs the 
stress and strain distribution of a com- 
ponent, but the inadequacy of mathe- 
matics precludes the solution of the 
equations in most cases. 


one 


This mathematical obstacle has put 
the task of evolving a comprehensive 
creep mechanics in the realm of re- 
search and has led design and develop- 
ment engineers to invent analytical 
substitutes for the more _ rigorous 
classical approach. One such substi- 
tute that has been successful in the 
solution of creep-buckling and creep- 
shell-deformation and _ stress-distribu- 
tion problems replots the tensile-creep 
data as isochronous stress-strain curves. 
(Creep data are normally presented as 
strain-time plots with stress and time 
as parameters, whereas the “iso” 
curves are on stress-strain coordinates 
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with time and temperature as param- 
eters, as shown in Fig. 5.) The work- 
ing curves for creep are now analogous 
to the familiar stress-strain curve. 
The procedure of analysis is to use the 
iso curve representing behavior at a 
particular instant of time ¢; to obtain 
a time-independent solution for that 
instant. With the state of stress and 
strain known at time ¢;, the process is 
repeated for the next instant of time 
tis1 by using the next iso curve to 
account for the change in material 
behavior during the time interval. 
Optimum design of a structure under 
creep conditions is attained when all 
parts of the structure deform at the 
same rate. In any practical structure, 
however, this cannot be achieved. 
One of the major reasons is the exist- 
ence of displacement stresses in regions 
such as pressure-vessel closures and 
nozzle reinforcements. As mentioned 
such stresses tend to relax, 
leaving behind plastic strains. Al- 
though these strains are not cyclic, 
they are possible trouble spots. Cer- 
tain combined stress ratios lead to 
limited fracture ductility; every effort 
is made to eliminate strain concentra- 
tions in regions where such ratios exist. 


above, 


Figure 1 shows a small pressure vessel 
creep-tested under internal pressure. 
The failure, shown in the inset, was 
predictable from the design creep data. 
This rupture happened because of 
inadequate reinforcement of the nozzle 
cutouts. 

Creep deformation is very sensitive 
to temperature, applied stress and 
metallurgical variables. This 
tivity requires careful control of test 
conditions and specimens. The ab- 
sence of such control leads to excessive 
scatter of materials data, with conse- 
quent uncertainty in the prediction 
of structural performance. However, 
there is ample evidence that adequate 
control of conditions and material leads 
to very reproducible creep data. 
Further, in the experience of many 
workers, when control is maintained, 
structural behavior is, indeed, pre- 
dictable from analysis. 

The need for control of test condi- 
tions and test materials in obtaining 
consistent mechanical-properties data 
implies a related need for careful 
acceptance testing of the actual con- 
struction material. 

One must look ahead to the day 
when construction material must be 
checked to ensure that it is, in fact, 


sensi- 




















Stroin, € 


FIG. 5. CREEP-TEST RESULTS of strain 
vs. time for constant stress (above) 
become more convenient to stress 
analyst when replotted as stress vs. 
strain at different times 


equivalent to the material from which 
the design data were obtained. If the 
reactor is to have a 5,000-hr life, the 
5,000-hr properties were probably 
verified experimentally, but this cannot 
be done for a load of metal arriving at 
the receiving platform. One must 
devise short-time acceptance tests for 
this purpose which have been verified 
through correlations long-time 
tests over a wide range of variables. 


with 


Conclusions 


There is a rapidly expanding back- 
ground of experience with high-temper- 


ature structures. The incentive to 
improve performance by raising work- 
ing temperatures has spurred tremen- 
dous activity in the field. Experience 
and knowledge have advanced to the 
point where a high-performance project 
may be undertaken with confidence 
that a suitable elevated-temperature 
structure can be developed. However, 
this development is based upon directly 
applicable materials data and thorough 
engineering—it is not a handbook 
procedure. 
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Report on the Uppsala Conference 


Fusion One Year After Geneva 


Thermalized 13,000,000° K plasmas held for 2 usec are claimed in Scylla 


and cooler plasmas for about five times as long in NRL's theta pinches. 


Many laboratories are eagerly pursuing this and other leads, but fusion power 


is still a long way off, though our understanding of plasma physics is growing 


By STIRLING A. COLGATE, Lawrence Radiation Laboratory, University of California, Livermore, California 


THE SUPERBLY MANAGED Fourth Inter- 
national Conference on Ionization 
Phenomena in Gases held in Uppsala, 
Sweden, August 17-21, was large 
over 500 scientists from 25 nations, 
but it was intimate and simple in com- 
parison with the marathon of Geneva 
almost a year ago. To those of us 
more concerned with the plasma phys- 
ics of fusion, the opportunity to con- 
centrate our effort upon the newer 
theories and most recent experiments 
was a welcome relief from the exhaust- 
ing repetition of the broad program- 
matic description of a year ago. 

It is more than superficially impor- 
tant that plasma physics rather than 
machine programs be discussed. For 
at every turn plasma phenomena have 
proved to be more intricate than our 
theories and experiments anticipated. 
There is a clear need for much better 
understanding of the basic phenomena. 

It may be desirable therefore to dis- 
pense at the outset with questions 
about fusion power. It is, as has been 
said so often in the past two years, still 
a long way off. The theta-pinch de- 
vices which attracted so much atten- 
tion at the Uppsala meeting are impor- 
tant for the physics they reveal, but 
they fail by a factor of 1,000 to provide 
sufficient confinement time to be of 
interest for thermonuclear power pro- 
duction. However, the vigor of plasma 


researchers and the richness of plasma 
phenomena lends hope that someday 
that goal will be reached. 


Theta Pinches 


The conference topic that aroused 
greatest interest was the theta pinch. 
This is a fast axial-magnetic-field com- 
pression of a shocked-heat plasma in 
which the induced current flows in a 
circle (theta direction) about the axis 
of the discharge tube. Thus the theta 
pinch differs from the classical linear 
pinch in that the directions of mag- 
netic field and discharge current are 
interchanged. 

A typical theta-pinch device consists 
of an axial field coil, usually single or 
fractional turn, wrapped around a 
sturdy insulating tube, usually quartz 
or alumina. A fast and powerful ca- 
pacitor bank is discharged into the coil 
and the resulting fast-rising axial field 
induces a current in an initial gas dis- 
charge (usually deuterium at about 100 
microns pressure) ionizing and driving 
the plasma rapidly towards the axis of 
thetube. The objective is the achieve- 
ment of high plasma temperature by 
both the initial shock heating and sub- 
sequently by the adiabatic compression 
of the plasma. Neutron production is 
observed usually in the second half- 
cycle of capacitor discharge—with per- 
haps small neutron bursts being ob- 


served early in later half-cycles. 

There were seven different independ- 
ent papers presented on this topic (see 
table) and each has a bearing upon the 
fundamental question, namely, what 
is the method of heating and does this 
result in an approximately thermal dis- 
tribution. (Nonthermal distributions 

—dominated by a few highly energetic 
particles—are less instructive of funda- 
mental plasma behavior.) Three of 
the theta-pinch-experiment papers will 
be discussed here, along with some of 
the theoretical insights into the be- 
havior of such systems. 

Naval ResearchLab. The scientific 
paper by Alan Kolb on his theta-pinch 
experiments at the Naval Research 
Laboratory did not claim a proven 
thermonuclear reaction but instead dis- 
cussed the experiments that admitted 
of this possibility. 

A major point of Kolb’s experiment 
was the demonstration that neutron 
production is correlated with the pres- 
ence of a reversed trapped magnetic 
field with the current flowing within 
the plasma at the layer bounding the 
reversed field. In Kolb’s experiment 
an initial reversed field introduced 
slowly before the rise of the main field 
caused the production of neutrons when 
in the reversed direction to the main 
field and caused no neutrons when aid- 
ing the main field, in accordance with 
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the original prediction and suggestion 
of Harold Furth. 

The importance of the reversed-field 
trapping* was emphasized in all the 
subsequent papers. The rapid disap- 
pearance of reversed field after the 
plasma was partially compressed was 
usually associated with sudden plasma 
heating. After this heating, the rela- 
tively long rise time of Kolb’s experi- 
ment demonstrated mirror confinement 
for about 8 usec, limited by collisions 
that permitted the plasma to leak out 
the ends. 

Los Alamos. James Tuck reported 
on the Los Alamos theta-pinch experi- 
ments conducted with Scylla (NU, 
Sept. ’58, p. 69). Based on very ex- 
tensive measurements Tuck said that 
it was his opinion that their theta 
pinch was most probably thermonu- 
clear, i.e.: the ions were substantially 


* Those unfamiliar with the physics of 
plasmas may find the concept of reversed 
trapped fields somewhat startling. The 
important thing to bear in mind is that 
plasmas have very high conductivity and 
currents can flow in relatively thin layers 
of plasma sufficient to account for a dis- 
continuity in magnetic field direction on 
either side of the plasma layer. Pulsed 
oscillatory currents are generally used to 
establish the magnetic fields in pinch experi- 
under the right circumstances the 
magnetic field in one direetion that is 
established by the first half-cycle of current 
is trapped and compressed within the plasma 
and succeeded by a reversed magnetic field 
generated by the reversed current of the 
second half-cycle. 


ments; 


Seven Laboratories Report on Theta Pinches 


in thermal equilibrium. 

The observation of X-rays in both 
the NRL and Los Alamos theta pinches 
was confirmatory evidence of a high 
temperature, but the X-ray evidence 
of Los Alamos gave T => 200 ev 
(2,000,000° K). The ion temperature 
at Los Alamos was claimed to be 1.3 
kev (13,000,000° K) by excellent 
doppler-broadening measurements of 
reaction products parallel to the axis. 
(The fact that the electron temperature 
is lower than the ion temperature is 
not surprising—it is to be expected 
for most heating mechanisms.) 

Strong evidence for the thermal 
equilibrium in the Los Alamos experi- 
ments is provided by the smallness 
(less than a few hundred ev) of the 
doppler shift in the neutron emission 
normal to the axis of Seylla. Ribe and 
Tuck claim that their temperature is 
consistent with solely shock heating 
and adiabatic compression. The Los 
Alamos group has not done the re- 
versed-magnetic-field experiment de- 
spite the production of neutrons only 
during the second half-cycle. How- 
ever the time-history symmetry and 
uniformity of neutron production at 
Los Alamos indicated a possibly dif- 
ferent process than characterized by 
the neutron bursts of other theta 
pinches. 


Theta Mechanisms 


The first study of a plasma current 
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Coil dimensions (cm) Peak 


Rise 


field time 


Diameter Length (kilogauss) (usec) Mirrors? 


4 10 50 2 


30 70 


20 


20 
10 


layer, separating two regions of op- 
positely directed magnetic field was 
made by Anderson, Baker, et. al., on 
the triaxial or tubular pinch. In this 
configuration a current layer is main- 
tained between opposite azimuthal 
magnetic fields for a protracted length 
of time, ~3 usec. The origin of the 
observed neutron emission has been 
difficult to explain on the basis of an 
equilibrium, thermal plasma despite 
the isotropy (lack of doppler shift) in 
the neutron emission. The observed 
electrical resistivity is inconsistently 
high in view of the high required plasma 
temperature, and has been suggestive 
of phenomena such as instabilities and 
turbulence. 

The first-order similarity of the 
tubular pinch current layer with a 
possible reverse-field current layer in 
the theta pinch led Furth to suggest 
that a reverse-field current layer might 
be responsible for neutron generation 
in the theta-pinch experiments. The 
fact that such a correlation was then 
observed by Kolb has stimulated a 
search for a better understanding of the 
phenomenon involved. 

The presence of an instability in the 
theta pinch is not open to doubt, be- 
cause in all experiments presented at 
Uppsala the reversed trapped field 
disappears far more rapidly than 
thermal equilibrium would permit. 
In particular the experiments described 
by Samain of the French AEC clearly 


Remarks 


Doppler shift, neutron and 
X-ray measurements 


yes 


yes Reversed-field trapping, nev- 


trons and X-rays 


Visual framing picture of in- 
stability breakup 


yes 


Pictures of argon shocks 
Trapped reversed-field neu- 
tron correlations. Probe 
measurements 

Excellent streak photo of re- 
versed-trapped-field-disap- 
pearances instability 

Streak photos of reversed-field 
breakup, no neutrons (H, gas) 
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documented just such an instability. 
The current layer separating the re- 
versed trapped fields is similar to an 
ordinary nonstabilized toroidal pinch 
and is subject to the same kink and 
sausage instabilities. 

The similarity of the tubular pinch 
and reverse-field theta pinch should 
not imply a complete similarity in the 
origin of the neutrons. The 
for this is that the tubular pinch starts 
and remains as an unstable configura- 


reason 


tion, whereas the reverse-field theta 
pinch relaxes to a possibly stable con- 
figuration, namely a_ high-pressure 
plasma in a unidirectional mirror field. 
The instabilities in both cases may lead 
to high-energy accelerated particles, 
but in the theta pinch these accelerated 
particles can be contained and may 
relax to a thermal distribution. 

We thus see emerging the possibility 
of utilizing an instability to give the 
sudden heating required to reach high 
temperature, while at the same time 
creating a stable confinement geometry. 


Russian Work 


Nineteen Russian papers were pre- 
sented to Conference Secretary Ake 


Nilsson, two days before the beginning 
of the conference. The rest of the 
world had abided by the June deadline 
for abstracts, so that the arrangement 
of the schedule and the printing of 
meaningful summaries could take place 
before the opening session. I am sure 
the Soviet scientists were as embar- 
rassed at the imposition as was Dr. 
Nilsson at rearranging the schedule. 
The Soviets were equally covetous in 
excluding from 
their would 
seem that the 
Soviet bureaucracy to give way to the 


meaningful content 
abstracts. It 
arrived for 


Geneva 
time has 


not-unreasonable demands of scientific 
exchange at international conferences. 

As usual the Soviet papers were ex- 
tremely competent and interesting. 

Joffe’s measurements of the decay 
time of mirror-confined plasmas pro- 
duced by the ion-magnetron technique 
gave indications of an enhanced loss 
rate that is not evidently associated 
with the better-understood nonadia- 
batic effects, but was extremely sensi- 
tive to the magnitude of the field 
Localization in velocity space is sus- 
pected, but not proved. 

Sinelnikov gave an extremely inter- 
esting survey of the work at his insti- 
tute in the Ukraine where one of the 
most striking innovations was the in- 
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jection of electrons into a mirror field 
where the central part of the mirror 
field was rippled in space. In the 
frame of the axial velocity of the in- 
jected electron the spatial variation 
was in resonance with the electron 
cyclotron frequency. The resulting 
nonadiabatic change in the electron 
magnetic moment of at least 50% per- 
mitted trapping for about 1,000 
reflections. 

Sagdeyev of Moscow gave a par- 
ticularly brilliant paper on shock-wave 
structure in which he showed that for a 
collisionless weak shock with a mag- 
netic field a certain group of ions would 
be multiply reflected from the “ moving 
potential” hill at the front and be ac- 
celerated to extremely high energies 
(with velocity equal to the electron 
velocity). This represented one more 
method (aside from instabilities) of ob- 
taining very-high-energy if nonther- 
mal particles in a plasma. 


Axial Pinches 


The investigation for the so-called 
stabilized pinch of stability and energy 
loss still dominates much of fusion 
work, with effort at Fontenay-aux- 
Roses, A.E.I. Aldermaston, Harwell, 
Uppsala, Moscow, Germany, and Los 
Alamos. But despite some measure- 
ments to the contrary there still re- 
mains an unexplained energy loss dur- 
ing the initial part of the cycle which is 
over and above impurity radiation in 
the form of ultraviolet light. Some 
measurements presented by Furth of 
Livermore showed a marked difference 
from instability to stability measured 
by magnetic probes for some of the 
hard-core (central metal rods) pinches. 
The observed stability was hopeful for 
the future of the pinch. 

There was considerable interest in 
accelerated plasma in various geome- 
tries—principally coaxial, with some 
emphasis on efficiency of acceleration— 
as if someone were going to take off to 
Mars. But more seriously Marshal’s 
work at Los Alamos has shown 30% 
efficiency for accelerating a puff of gas 
intoa vacuum. Similar efficiencies are 
obtained in Dattner’s work at Stock- 
holm, Patrick’s at Avco and Komel- 
kov’s at Moscow, but in the latter cases 
a shock is accelerated into cold gas so 
that the possibilities of new experi- 
ments are somewhat more limited. It 
should be pointed out that the efficiency 
of some dynamic pinches when the first 
bounce occurs at current maximum and 


when the series inductance is small is 
considerably greater than 50% for the 
conversion of electromagnetic energy 
into kinetic energy. 


Future Plans 


During the course of the conference 
various future plans were discussed, 
and some in great detail, which indeed 
is a gesture of good faith in the future. 

Dick Post of Livermore described the 
plans for the Alice experiment at Liver- 
more in which he plans to inject a neu- 
tral atomic beam of 44 amp and 10-20 
kev into a mirror field of 50 kilogauss. 
This is an ambitious undertaking but 
smaller in almost all respects than the 
Ogra or DCX experiments. 

Niblett of Aldermaston 
the Phoenix experiment (plasma heat- 
ing obtained by neutral injection ex- 
periment!!) the title of which caused so 
much laughter that it is somewhat 
vague what it does—but they do have 
plans for an extremely large (a few X 
10° joules) and fast (~1 ysec) con- 
denser bank for fast pinch work both 
theta and axial. 

Chick at A.E.I. described a new but 
extremely accurate pinch torus that 
will soon be in operation of about 12” 


described 


minor diameter and carefully uniform 
aperture. 

Francis of Harwell 
ICSE experiment which will be a larger 
torus to replace Zeta—the rationale 
being that greater energy and higher 
particle density will prevent disastrous 
runaway electrons. 

Tuck at Los Alamos plans to inject 
into cusp geometry by boring a hole 
with plasma pressure and then by ex- 
pansion of the plasma inside allow the 
hole close to off (entropy trapping). 

Lehnert at Stockholm described his 
current ring—1 million amperes fed by 
d-c current leads—which, coupled with 
a toroidal field, should give a highly 
stable confining magnetic field with 
large shear. 

Colgate described plans for a similar 
device—the Levitron where the current 
is induced in a shorted ring (no leads) 
threading a torus. The ring is “‘levi- 
tated” by pulsed a-c fields. 

The future plan that was unani- 
mously greeted with greatest applause 
as having the highest probability of 
succeeding was the announcement by 
Paul Schulz of Hertestor, that the 
Fifth International Conference on Ion- 
ization Phenomena in Gases will take 
place in Germany in 1961. 
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Vallecitos Boiling Water 1 
Reactor Pressure Vessel 

(VBWR)—designed, engineered, 

and fabricated by PacECO 

from basic overall size and 

other specifications supplied 

by General Electric. 


A Paceco-built and designed 
aluminum shell 

General Electric Test Reactor (GETR) 
Vallecitos Atomic Laboratory. 


am “ Paceco-built and 

designed pressure 
vessel for the Rural 
Cooperative Power 
Association Boiling Water 
Reactor, Elk River, 
Minnesota —Allis-Chalmers, 
prime contractor. 


Paceco-built pressure vessel 

for the Atomic Energy 
Commission's Heavy Water 
Components Test Reactor (HWCTR), 
to be operated at the Commission's 
Savannah River Plant by jae 
the Du Pont Company, ae 
prime contractor. 4 


Paceco-built stainless 

steel pressure vessel, 
heart of the (WTR) 
Westinghouse test reactor, 
Waltz Mill, Pennsylvania. 


PaceEco design skills and fabricating 


experience assure you better custom- 


built nuclear products. 


J PACECO REACTOR PRESSURE VESSELS 
FOR 9 NUCLEAR PROJECTS 


PACECO has designed and built equipment for almost every 
project of the AEC during the past 10 years as well as 
privately financed plants. In addition to pressure vessels, 
= .\ O) oh OL OW o) dele | ion acm avon i tlel-Mmllal>t-] ae lorel-1 1-1 ¢-] 00) aM t- lel cre 
containers, towers, cranes, and many other items for the 
nuclear industry. 

Take advantage of PACECO’s experience and skills in the 
nuclear field. Contact your nearest representative. 


FREE ON REQUEST: BROCHURE 5-N, 
“CUSTOM BUILT EQUIPMENT FOR NUCLEAR PROJECTS” 
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INSTRUMENTATION and MEASUREMENTS 


Direct Determination of the 
Half-Lives of Nine Nuclides 


By J. PAUL CALI and L. F. LOWE 
Cambridge Research Center 

U. 8. Air Force 

Bedford, Massachusetts 


The half-lives of nine isotopes have 
been newly determined by direct meas- 
urement after extensive radiochemical 
purification. These values are com- 
pared in the table with previous values 
frequently quoted in the literature. 

In work involving neutron-activation 
analysis, the accuracy of the half-life 


value is important when using the acti- 
vation equation to calculate the results 
of an analysis. The value cf the half- 
life enters into the saturation term and 
is also needed to correct counting rates 
back to the end of irradiation. Since 
at least two different values have been 
reported in the literature for each of the 
isotopes listed in the table, the new de- 
terminations reported here were made. 


Irradiation 

The irradiations were performed in 
the target conveyor system of the 
Brookhaven National Laboratory reac- 





tor at a thermal flux of 8 X 10'? n/sec 
em?, The irradiation time was 2.6 X 
10° sec (~30 days). 

For those elements where the induced 
activities could lead to confusion in the 
measurement of the desired half-lives, 
separated stable isotopes were irradi- 
ated. These calcium-44 (98% 
enriched), ruthenium-102 (94% 
enriched) and hafnium-180 (93% 
enriched). 


were 


Radiochemical Purity 


To ensure radiochemical purity, ex- 
tensive chemical procedures were used 





New Determinations of Half-Lives of Nine Nuclides 


New 
half-li fe 
2 alue Ss 


Nuclides Half-lives 
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Previous half-life determinations 
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Remarks on previous values 
Low activity; 
9 months on electroscope 
4x beta counter; followed for 5 months 
No details 
Electroscope; chemical purification 
No chemistry; followed for 202 days 
Purified Ru metal used 


no chemistry mentioned 


No chemical purification mentioned 
Chem. puri.; followed for 3.4 half-lives 
No purification; followed for 1 yr 

No purification mentioned 

No chemistry; ion chamber used; followed 
for 2 half-lives 

No chemistry; followed for 90 days 

Some chem. purification; ion chamber 
No chemistry 

Chem. puri.; followed for 5.3 half-lives 
n,a on I'*7; no chemistry mentioned 

No chemistry 

No chemistry; followed for 2.5 half-lives 
Early work on rare-earth fission products 
Calculated from fission yield of Nd'47 
Purified chemically; followed for 1.8 yr 
Purified chemically; long storage of fission 
products 

No chemistry; 5 half-lives followed 

No chemistry mentioned 

No chemical purification mentioned 
Enriched isotope used; no chemistry 
Purified chemically; followed 4 half-lives 
No chemistry; followed for 105 days 


* NNES 9 = National Nuclear Energy Series, vol. IV-9 (McGraw-Hill Book Co., New York). 
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The Vw “ae 


— a major improvement over conventional mechanisms. 
Automatically programs, counts and records 50 pre-coded 
samples. Accuracy far greater than manual counting 
techniques. 

Magazine loading saves time and eliminates intermixing. 
Each sample may be pre-coded to any one of four pro- 
grams: “‘N” (normal operation), ““B” (background or 
weak sample count), ““R” (reject), or ““L’”’ (return to load- 
ing position). 


Maximum count accuracy is assured by complete ‘‘47r”’ 
shielding of the sample in the detector. 


Proportional, geiger and scintillation detection 
(either separately or simultaneously) is possible. 
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before KIWI becomes a rover 


Project Rover is aimed at developing a nuclear-powered rocket engine that 
will result in man’s conquest of intergalactic space. Kiwi-A is its first land- 
based test reactor, named for the flightless New Zealand bird. 

Before Kiwi becomes a space rover, an immense amount of test infor- 
mation will be needed. Edgerton, Germeshausen & Grier, Inc., is cooperating 
with the AEC, NASA and Los Alamos Scientific Laboratory in collection 
of this vital data. 

For Project Rover, EG&G has designed, built and is now operating 
an 800-channel control and instrumentation system yielding diagnostic 
information for designers of tomorrow’s spacecraft. 

Thus, Edgerton, Germeshausen & Grier, Inc. again is applying its 
unique operating, design and manufacturing experience to help advance 
the nation’s nuclear weapon, missile and space programs. 


Scientific and engineering positions, in physics and electronics are available. Additional information will be furnished upon tequest. 


EDGERTON, GERMESHAUSEN & GRIER, INC.@ > 


160 BROOKLINE AVENUE, BOSTON 15, MASS. + 1622 SOUTH “A” STREET, LAS VEGAS, NEV 








INSTRUMENTATION 
‘AND MEASUREMENTS 


This article starts on page 86 


for each of the elements after its 
irradiation. 

In general, the following techniques 
were employed: dissolution in an ap- 
propriate solvent; removal of neighbor- 
ing activities by the addition of Z + 1 
and Z — 1 carriers and chemical sepa- 
the wanted Z element; 
scavenging of trace impurities on gelati- 
hy- 


selective precipitation and/or 


ration from 


nous precipitates, such as ferric 


droxide; 


| solvent extraction and/or distillation of 
|the wanted element from impurities, 


especially those of the periodic 
and, finally, the precipitation of 


same 
group; 
a stable form or compound of the ele- 
ment to be measured. 


| Counting Procedure 


After the radiochemical purification, 
the various elements were mounted on 
iluminum planchets with 
ther. When the ether had 
‘ated, a film of rubber hydrochloride 
vas placed over the planchet and held 
vith The 
vas dried under vacuum and stored in 
for 


collodic n- 
evapo- 


a retaining ring. assembly 


1 desiccator, being removed only 
ounting. 

The samples were counted in a modi- 
fied Los Alamos—designed methane-flow 
The 


was a Mylar film (aluminum-coated), 


proportional counter. window 
and the geometry was approximately 
27. Thecounter had a 200-volt plateau 
at 4,600 volts. 

Samples were run in duplicate 
counted periodically to a total of 2'® 
counts per sample. 
its 
equipment were eliminated by normal- 


and 


Variations in the 
counter and associated electronic 
izing all data with a long-lived standard 
*38_Th?54-Pa234. commonly 
UX-2 source). The ex- 
variation of the UX-2 source 
counting rate was less than 4% during 
the twenty months of these experiments. 


source (U? 
known as a 
treme 


Data Treatment 


Plots of the log counting rate versus 


time were made to determine visually 


any variation from a straight line. 
From 12 to 20 points were available for 
the least-squares calculations (6 points 
for Pm"”) and covered from 2 to 6 half- 
life intervals (silver-110 and prome- 
thium-147 covered 1 and 14 intervals, 
respectively). 

The error of the reported values is 
based on the standard deviation of the 
slope of the log count versus time line 
and consequently is the standard error. 
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ADVERTISEMENT 


IMJ LE TZALL GIR ZAMS 


* « » news about metals and metal chemicals 





METALS 





Electromet brand ferroalloys, 
pure metals and metal chemicals 


Purity previously unattained commercially is now available in Union 
Carbide Metals’ high-purity chromium. This product was introduced in 1958 in 
response to the requirements of nuclear energy development and high-temperature 
alloy research. Union Carbide Metals can now offer high-purity chromium having a 
total impurity level as low as 300 ppm. The newest of the 44 grades of "Electromet" 
chromium is available in semi-commercial quantities at considerably less than 
the price of iodide chromium. Write for Data Sheet CRI1-N3. 


* * 7” 











Acetylacetonate derivatives of the transition metals (for example, 
chromium, cobalt, manganese, vanadium, iron, and nickel) have recently been made 
available in research quantities by Union Carbide Metals. These "Electromet" 
acetylacetonate compounds provide a convenient means of putting the metals in 
solution in organic systems; the compounds are chelated, non-ionizing substances, 
Slightly soluble in water. They form solutions which are neutral and resistant to 
hydrolysis. The acetylacetonates are available in the form of pure, crystalline 
powders of medium bulk density. Bulletin AAI1-N3 gives details. 

. * * 








Time-saving mixes, having proved their worth in the kitchen, have now 
moved into the metallurgical field. Examples of this concept are Union Carbide 
Metals’ more than 15 titanium alloy addition agents. The first of these was 
85% vanadium-aluminum, developed in 1954 to expedite commercial production of 
the high-strength 60% aluminum -40% vanadium alloy. The list now includes a 





tantalum-columbium-aluminum combination for the new 8-8-1 alloy. Data Sheet AT1-N3. 


* * * 





Among the Union Carbide Metals family of oxides are columbium and 
tantalum oxides. Both have high dielectric constants useful in electronics. 
Columbium oxide is also an intermediate material for producing compounds with 
great hardness and high melting point. Tantalum oxide is a source for tantalum 
carbide, a cutting tool additive which increases resistance to abrasion and 
oxidation. Send for Data Sheet OX1-N3. 

. * » 


Substantially improved specifications for vanadium metal, particularly 
as regards gaseous impurities, have been announced by Union Carbide Metals 
Company. Through the use of improved production methods, hydrogen content 
has been cut by 90 per cent and nitrogen and carbon contents by 50 per cent. 
Analyses of 500- and 1000-pound lots show that the sum of carbon, oxygen, hydrogen, 
and nitrogen is in the range of 0.1 per cent. Write for Bulletin VM1-NS3. 


* * * 




















Stainless steel shapes of more than 95 per cent theoretical density 
have been made from Union Carbide Metals’ new stainless steel powder. The 
composition of the powder is similar to Type 316 or CF=-Mo alloys. Mechanical 
properties of the sintered shapes closely approach those of wrought shapes. 
Union Carbide Metals field consultants, working with metal powder fabricators, 
are developing the promising potential for this stainless steel powder in 
many uses, including gears, bushings, and other shapes exposed to aggressive 
corrosion environments. Data Sheet SS1-N3 gives additional information. 


* * * 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 330, Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 








The terms ‘‘Electromet’’ and ‘‘Union Carbide’’ are registered trade marks of Union Carbide Corporation 





Instrument Development at Savannah River! 





Nondestructive-Testing Equipment 


By J. N. WILSON, E. 1. du Pont de Nemours & Company 


Savannah River Laboratory, Aiken, South Carolina 


This first article in the series on 
Savannah River instrumentation is 
confined to instruments used for pre- 
operational testing of reactor fuel and 
control components. Parts I! and 
11! will be concerned with reactor, 
fuel-processing and health-physics 
instrumentation. 


To external 
control ckt 


15M 1.50k 


20.5 _Com he 


ALS 


20-60 
uhy 


0 receiving 
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To transmitting} / 
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FIG. 2. ULTRASONIC BOND TESTER circuit; power supply is not included. 


90 


The problems that can result from 
the failure of fuel elements or other 
components require exhaustive testing 
of all such pieces prior to their use in 
reactors. Normal quality-control 
methods are not sufficient since even 
one faulty piece out of thousands may 


/ 


/' 50k 


Sure 


In[392!0k 


Keep short and a 


other 


{ 
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FIG. 1. EXPERIMENTAL ultrasonic tester for 
unbonded areas under cladding of uranium 
slugs 


It has 
been necessary to develop nondestruc- 
tive testers (1, 2), often using ultra- 
sonics, eddy currents or penetrating 
radiation. Commercially available in- 
struments that meet test requirements 
in principle are often designed to be 
quite versatile; consequently, they may 
be too complex to be usable under in- 
dustrial plant conditions or may require 
highly skilled data interpretation. The 
Savannah River designs are simple, 
single-purpose instruments that are 
easy to operate and maintain. 


result in a costly shutdown. 


Ultrasonic Testers 


Good thermal contact must be main- 
tained between uranium fuel and its 
cladding—the best thermal contact is 
provided by a continuous metallic bond. 
Since heat and sound are conducted by 
the same mechanism, a satisfactory test 
for the detection of nonbonded areas is 
provided by measuring the attenuation 


To 
counter 


Complete circuit uses only ten tubes 
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A MASTERPIECE OF 
FUNCTIONAL DESIGN 


COMPACT...VERSATILE...EASY TO OPERATE 


The RECOMP computer strikingly demonstrates the 
four basic principles of design excellence: perform- 
ance, ease of operation, ease of maintenance, func- 
tional styling. It is a masterpiece of practical design. 

The magnetic disk memory contains 4096 words, 
each of 40-bit length, or 12 decimal digits, eight alpha 
characters, or two program instructions. It retains as 
many as 8000 instructions or stores more than 49,000 
decimal digits of data. Reading speed of the photo- 
electric tape is 400 characters a second. The exclusive 


digital readout flashes arabic numerals to reveal con- 
tents of any word or register. 

RECOMP gives you far more capacity, versatility, 
and trouble-free service for your money. It’s avail- 
able now—for outright sale or at a moderate monthly 
rental that includes maintenance. And there’s no extra 
equipment to buy...no cost of installation. Fo- infor- 
mation on how RECOMP can solve your problems, 
write Autonetics Industrial Products, Dept. 219, 
3584 Wilshire Boulevard, Los Angeles 5, California. 


Digital computers by Aut 
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INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 90 


| of an ultrasonic beam across a diameter 
of a fuel slug. 
The latest Savannah River circuit 


measurement | (3-5) uses barium titanate transducers 


and control 


GORDON 
XACILINE 


Controls tempera- 

ture automatically 

within a fraction of 

a degree in any heat proc- 

ess. A complete factory-assembled unit 
ready for installation anywhere. Can be 
used with any existing indicating or re- 
cording pyrometer controller 
—regardless of age. 


GORDON 
XAC|EMP 


Hand Pyrometer 


A quality-built, conven- 
ient instrument for quick, 
accurate temperature read- 
ing in molten nonferrous 
metals. Also, other models 
of Xactemp for all-around 
temperature checking. 


GORDON 


SERVRITE 


Thermocouple Wire 
Thermocouple Extension Wire 


Insulated in Gordon’s own plant 

to assure consistent quality. 

All standard wire and insulations 
carried in stock for quick delivery. 
Other wires, in long or short runs, 
manufactured to specifications. 


Full Particulars on Request 


CLAUD S. GORDON CO. 


rers @ Engineers © Distributors 


619 West 30th Street, Chicago 16, Illinois 
2015 Hamilton Ave., Cleveland 14, Ohio 
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}and can be read out with a mapper, a 
| sealer or a simple discriminator reject 
|mechanism. Earlier circuits utilized 


quartz crystals (6), which required high 
voltages and sensitive amplifiers. 
Figure 1 shows a complete laboratory 
ultrasonic tester. The transducers are 
coupled to the slug by the water bath. 
The circuit is shown in Fig. 2 (5). A 
unique feature is the automatic self- 
calibrator, which corrects for tempera- 
ture changes and buildup of algae at 
the transducers. The absence of a slug 
between the transducers is detected by 
switches that turn on the calibrator. 
The calibrator circuit introduces a fixed 
attenuator in the receiving-transducer 
signal lead that has the same effect as a 
nonbonded slug. A small servomotor 
automatically adjusts the discriminator 
level to sound the alarm with signals 
that equal or are less than this standard. 


Eddy-Current Testers 


Eddy-current testers can be applied 
to many nondestructive tests in the 
nuclear field (1, 2). Eddy currents 
may be generated by suitable a-c coils, 
and the impedance of the coils is a 
measure of resistivity of that portion of 
the test piece in which the currents are 
made to flow. The frequency of the 
coil current as well as the size and 
shape of the coils can be adjusted to 
concentrate the eddy currents in the 
test piece as desired. Small changes in 
apparent resistivity can disclose the 
presence of cracks (7), intergranular 
corrosion (1, 8, 9), alloy penetrations 
(10-12) and surface blemishes (13), or 
they can permit cladding- and plating- 
thickness measurements (14-16). 

The automatic tester shown in Fig. 3 


About Savannah River 


FIG. 3. EDDY-CURRENT FUEL-CAN 
TESTER. Probe of experimental unit 
scans surface of rotating slug can for 
cracks and inclusions 


is a laboratory model of an eddy-cur- 
rent tester for the aluminum cans used 
to cover uranium slugs. The probe 
and circuit (12, 13) were designed to de- 
tect imperfections in the 0.030-in. walls 
of the cans. Imperfections such as 
cracks and pinholes might allow reactor 
coolant to react with the uranium and 
cause a slug failure. The empty cans 
as well as the finished slugs are not per- 
fectly round, and earlier testers had to 
use a probe that rode on the can surface 
to reduce the noise in the signal due to 
changes in the probe-to-wall spacing. 
The derivative circuit shown in Fig. 4 
almost eliminates the effect of spacing 
changes by emphasizing abrupt changes 
in the signal and de-emphasizing signal 
changes at frequencies that correspond 
to the rotational speed of the can under 
the probe (13). This tester will detect 
a can that has invisible cracks or buried 
inclusions in the wall and will differenti- 
ate between serious and superficial 
scratches or gouges. The sensitivity 
to the depth of the defects can be ad- 
justed by changing the frequency of the 
a-c probe coil current. With only 
minor changes (12), the same tester can 
be made to detect the presence of in- 
visible partial penetrations of the Al-Si 


The Savannah River Plant, built and operated by Du Pont for the AEC, iso- 
lates heavy water, fabricates reactor fuel, operates heavy-water reactors and 


separates and purifies reactor products. 
this plant, about $100-million was spent on instruments of all types. 


Of the original $1.3-billion cost of 
These 


instruments are maintained, improved and added to in order to keep pace 
with the Plant’s active program of process improvement and diversification. 
The Savannah River Laboratory, located on the plant site, does the longer- 
range research and development required to support the plant’s activities. 
The Laboratory’s Applied Physics Division, consisting of twenty-odd physicists 
and engineers plus an equal number of technicians and mechanics, develops 
and applies new instruments and principles of instrumentation to the plant’s 
processes, as well as to the problems of health physics and research. 
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Experimental “plasma thermocouple,” developed by 
Los Alamos Scientific Laboratory, converts heat from 


nuclear fission directly into electric power. 


» For complete technical data on Alite 
and Alite Ceramic-to-Metal Seals, 
write for Bulletins A-7R and A-40. 


ALITE 


CONVERSION 


relies on ruggedness of 


AIITF INSULATORS 


Recent successful demonstration of the 

Los Alamos “plasma thermocouple,” which turns 
nuclear reactor heat directly into electric current, 
marks a major step toward the goal of utilizing 
nuclear energy for outer-space propulsion. 

The Alite insulator assembly above helps 

make it possible. 


Alite—the special high-alumina ceramic 
developed by U. S. Stoneware—has many useful 
nuclear properties. In this application, an 
essential requirement was met by Alite’s ability 
to maintain high electrical insulating strength 
in the presence of radioactive energy and elevated 
temperatures. Also extremely important here: 
Alite’s vacuum-tightness, its resistance to 
cesium vapor, and the fact that Alite can be 
metalized, brazed to metal parts and readily 
welded into final assemblies. 


Strong, hard, corrosion and abrasion resistant 
Alite may be the material you need to meet 
difficult nuclear design specifications. Write 
us about your requirements. Our ceramics 
specialists will provide all possible assistance. 
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an effective material 
for neutron shielding 


Boral is a uniform dispersion of boron carbide crystals in aluminum. Its 
high boron carbide content (up to 50%) enables it to absorb thermal 
neutrons without the production of hard gamma rays. In the form of 
Boral Plate (a core of Boral clad on two sides with commercially pure 
aluminum) it is highly effective as a neutron shielding material. 

By following recommended design and fabricating practices, Boral 
Plate can be worked to meet the requirements of a wide range of shielding 
applications. It can be drilled, tapped, punched, sawed, sheared, formed, 
and welded. The accompanying sketches show typical designs and as- 
sembly methods. 

Boral Plate is available in thicknesses of 4” to 34”, and standard 
sheets of 30” x 48”, 15” x 96", and 15” x 48”. Approximate weight of 4” 
(35% B,C) Boral Plate is 3.4 pounds. ; 


Shut-down Control Rod for Reactors 


Assembly of this unit is made by inert 
as arc welding. As shown, all edges of 
oral Plate should be clad. The center 

bar is tapped to receive the threaded rod. 


Storage Cells for Fresh Fuel 


Cells are usually used in assemblies of 
several fuel units, encased in aluminum 
or stainless steel cylinders. The Boral 
shapes should have corner radii of 34"; 
length can be up to 12 feet. Assembly 
is by means of rivets or Huck bolts. 


Water-cooled Boral-lined Case 
for Spent Fuel Elements 


This Boral-lined aluminum case with 
egg-crate type separators for the 
transportation and storage of spent 
fuel units, is assembled from Boral 
Plate by arc welding; no forming 
operations are involved. 


Typical and Potential Applications 


Reactor shields, neutron curtains, shutters for thermal 
curtains, safety rods, storage and shipping containers for 
fissionable material, fabricated boxes for radiation-sensitve 
devices, protective shields for easily activated components. 


Brooks & Perkins, the first commercial producer of Boral, 
invites you to send for technical data and literature. 60-T-4 
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1926 W. FORT STREET . DETROIT 16, MICHIGAN 
Offices in Washington and New York 


INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 90 


bonding layer into the protective alumi- 
num cladding of a completed fuel slug. 

Hand-held probes that produce eddy 
currents can be used to measure plating 
or cladding thickness over either a mag- 
netic or a nonmagnetic substance (16). 





Figure 5 shows two circuits used. 


Mechanical Gages 


The gaging of the interior dimensions 
of tubes over 10 ft long and only 2-3 in. 
jin diameter with conventional tools 
takes many hours. Linear differential 
transformers can be adapted to this 
problem (17, 18). A typical i.d. gage 
pushed down a tube provides continu- 
ous gaging accurate to +0.001 in. 


Radiation Gages 


Penetrating radiation can be used in 
the nuclear nondestructive test field in 
rather unusual ways. The cladding 
thickness of a uranium slug can be 
measured by the attenuation of the 
radiation from the uranium itself (19). 
An americium-241 gamma-ray source 
can be used to measure the density of 
| aluminum alloys by straightforward ab- 
| sorptiometer techniques (20). 

The control-rod “‘ worth” of neutron- 
absorbing elements is determined by 
their ‘“‘blackness’’ to neutrons, A 
‘blackness tester” (21) is used to verify 
the worth of assembled control rods. 
| A paraffin-moderated neutron source 
| produces a beam of slow neutrons. 

The attenuation of the neutron beam 
while passing through the suspect con- 
| trol rod is measured with BF; counters 
| and a counting-rate meter. 

The reactivity of fuel or control-rod 
{elements can be quickly and cheaply 
| measured in a small subcritical reactor. 
Such a device, called the Nuclear Test 
Gage or NTG (22), has proved useful. 
The differential electrometer (23) used 
with the NTG to measure small changes 
| in ion-chamber current is exceptionally 
stable. The readout device is a re- 
corder with a 10-in.-wide strip chart. 
The drift band was less than 0.1% in 
4 hr with a suppressed zero span of 
1.0 X 10-" to 1.0 X 10-'* ampere. 





* * * 


The information contained in this article 
was developed during the course of work 
under contract AT(O7-2)-1 with the U. 8. 
Atomic Energy Commission. 
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takes time and iabor 
out of a tedious job 


If you are doing blood-brain barrier studies in order to 
investigate how different drugs get into the brain, you will 
probably be using many rats, guinea pigs, or monkeys. Each 
of these test animals will ultimately have to be sacrificed 

for brain dissection. Then, if you have used Carbon" 

or Phosphorus® to tag the drugs, each brain section (cortex, 
cerebellum, etc.) will have to be counted. In such cases 
the use of an automatic sample changer not only saves 
many hours of a technician’s time but also improves the 
accuracy of the measurement by furnishing printed data. 


Picker can supply a highly reliable system for automatically 
counting up to 30 samples and for recording either the 
time required for each sample measurement to achieve a 
preset number of counts, or for printing both the 
counting time and accumulated counts for each sample. 


The Automatic Sample Changer is representative of the 
comprehensive Picker line of quality nuclear instrumentation. 


this halimark is dependable assurance of fine instrumentation, * 


nuclcar 
Service Organization. Picker X-Ray Corporation, 
25 South Broadway, White Plains, New York. 
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OPTICAL 
STRAIN-MEASURING 
INSTRUMENT 


Tests tensile properties | 
of radioactive materials | 
at reactor temperatures 


This Optical Strain-Measuring Instru- 
ment was designed for nuclear reactor 
development work. It permits precise 
determination of the tensile properties 
of irradiated fuel and structural ma- 
terials at reactor temperatures. 


Gaertner Scientific Corporation, de- 
signers of the instrument, had this 
problem to overcome: extremely accu- 
rate measurement of elongation must 
be made even when the specimen itself 
is inaccessible due to radiation and 
temperatures up to 800° C. 


To solve the problem, Gaertner de- 
veloped a special mechanical-optical 
system to measure elongation of a 
specimen with direct reading to 50 
micro-inches. 


The optical system has a working 
distance of more than 24 inches, per- 
mitting the insertion of shielding be- 
tween the optical unit and the furnace 
... the light travels through six inches 
of lead-glass shielding and the quartz 
window of the furnace. This allows the 
operator to observe the specimen closely 
and yet be completely safe from 
radiation hazard. 


Wide range measurement is possible 
. . . the micrometer moves through 0.5 
inches for a one-inch specimen. This 
makes it possible to measure elonga- 
tion-to-failure of many irradiated fuels 
and structural materials. 


The Optical Strain-Measuring In- 
strument is one of many precision 
optical instruments designed and man- 
ufactured by Gaertner to measure di- 
mensional changes of specimens under 
various environmental conditions. 


Write for Bulletin 161 


Gaert FREER? 1257 Wrightwood Ave. 


SCIENTIFIC CoRPORATION Chicago 14, Illinois 
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FIG. 4. ED )Y-CURRENT CAN TESTER. 


& Ground 


Derivative circuit minimizes effect of probe- 


to-can-wall spacing, permitting use of probe that does not contact soft aluminum 


can 
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FIG. 5. TYPICAL EDDY-CURRENT CIRCUITS. Circuit (left) can be adjusted to 


measure thickness of aluminum over nickel layer of variable thickness (1 4). 


Circuit 


i(right) was used to measure thickness of nickel plating on nonmagnetic base (16) 
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SENIOR POSITION 2S} types of 
bs amet at , SAFETY ENCLOSURES 


/ for handling hazardous substances 


“VACUUM 
DRY BOX 


for work in con- 

trolled atmosphere 
¢ sloping front ¢ 
round autoclave- 
type air lock. 





Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
contamination. Write ‘for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
7910 GREGORY AVENUE, WEEHAWKEN, N. J. 





The Atomic Energy Division of The Babcock & ay —-— 

Wilcox Company has, in addition to the areas q = | ie UNITIZED 
mentioned above, positions available, at the : ger gem san ENCLOSURES 
senior level, in the fields of theoretical and ex- wa j Low in cost « 
perimental physics, engineering and metallurgy, ‘ . ge be 


and irradiation effects. ] construction 


You will work with a highly experienced staff — Say 


and a complete complex of nuclear facilities in- 
cluding a complete critical experiment labora- 
tory, research reactor, high speed computers and 
an engineering prototype development facility. 
The Atomic Energy Division of The Babcock 
& Wilcox Company offers a challenging profes- 
sional opportunity plus pleasant suburban living. 
Please send resume or request for informa- _  CALIFORNIA-TYPE 
tion to: FUME HOOD 


For handling radioac- 
tive materials « dual- 


W. F. Porter, Personnel Manager sided for double oper- 
The Babcock & Wilcox Company ation. 

Atomic Energy Division 

1201 Kemper Street 

Lynchburg, Va. 





See Page 1 
for description 
of one phase of B & W’s 
nuclear activities 


MICRO-BIOLOGICAL 
SAFETY CABINET 


€ Back or top mount- 
ing of biological fil- 

€ ter canister + air 
lock if wanted. 


THE BABCOCK & WILCOX COMPANY 


com ATOMIC ENERGY DIVISION ~~ BLICKMAN SAFETY ENCLOSURES 


fuel elements, nuclear research and development SEE US AT: Chemical 


York Coliseum Booth: #325 Look for this symbol of quality Bienes tr] 
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Time, t — 
FIG. 1. 


and times t; and tf: defined by $(t) =_¢./n 


Variables that describe reactor power burst include the 
initial power $1, the peak power ¢.. which occurs at time t = fm, 


©-Woter at saturation temperature 
Y-Water at room temperature 


% Borax data 
—Empirical fit to data 
--Theory 





1 | 4 i | J 





to 2 


+ 6 8 


(Maximum Power) x Period (Mw-sec) 


experiments. 


FIG. 2. Agreement of Eq. 3 (dotted line) with data from BORAX 
Equation predicts no dependence on water tem- 


perature which is borne out by experimental points 


Simple Relations Describe Reactor Power Bursts 


In a recent report,* H. C. Corben 
(Thompson Ramo-Wooldridge) has 
worked out some relations between the 
variables that describe a reactor power 
burst. Starting only with the assump- 
tions that the power reactivity coeffi- 
cient is negative and that the initial re- 
actor period is short, Corben obtains 
the following amazingly simple 
expressions: 


Pm _ 
TOm 


46 pie™'n 
34 E (bm) 
= 2rdbm 


% 
+(1-+) 
n 


rin —— — . va 
1- (: _ *) 
n 


Ds — ‘ 
is the initial period and 


* RWC 22-127 The 
Corp. (1958) 


Ramo- Wooldridge 


¢; the initial power. Equation 1 says 
that the peak power ¢, (see Fig. 1) is 
related through these constants to the 
time ¢,, to reach the peak. Equations 
2 and 3 give E(¢,) (the area under the 
curve up to f,,) and £,,, (the area under 
the curve up to ¢éo) in terms of these 
quantities. 

Equation 4 gives the width of the 
power burst at @ = 1/n ¢,; for the 
special case n = 2 this becomes 
(t2 — ti)y = 1.76r. 


Basic Argument 


Corben considers a reactor that 
starts off at time ¢ = O with initial 
excess reactivity Ako. The power 
initially behaves as @ = ¢,e*', where 
¢; is the reactor power at t = O, and a 
is the inverse period related to the con- 
stant Ako by the in-hour equation 


uj 
Ako a (: + B », e +h :) (5) 
I 


As the reactor power increases it will 


cause a change in excess reactivity 
through some physical feedback mecha- 
nism such as thermal expansion. Cor- 
ben leaves this mechanism completely 
unspecified except to assume that it is 
negative (i.e., an increase in power 
tends to shut down the reactor) and 
writes for the Ak at some later time ¢ 


‘so he = fi, a ~ tot’) at’ (6) 


where @ is some unspecified function 
that relates the reduction in reactivity 
to the integrated reactor power. If in 
the integrand we set @ = g,e™ and re- 
define the variable of integration, then 


Ak = Ake — ore i G(z)e*= dz (7) 


For sufficiently large a the integral is 
relatively independent of its upper limit 
t and can be replaced by a constant; 
hence 

Ak = Aky — Akye*™ (8) 
(Continued on page 100) 
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A Study 
in Applied 
Creativity 
at KAPL 
— directed 


to Engineers 


t Longitudinal section of 200-” UO» 
dispersed in Zircaloy matrix. 30X. 
BF. Reduced approximately 38% for 


Transverse section of 200-” UO: 
dispersed in Zircaloy matrix. 30X. 
BF. Reduced approximately 38% for 


reproduction. reproduction. 


& Scientists 


to whom an 


Scientists have long been cognizant ot the theoretical advantages 
of applying the dispersion theory to reactor fuel elements. Ideally 
this concept could be utilized to extend substantially fuel rod life in 
high performance water cooled reactors. 


environment 
of academic 


But it remained for KAPL Metallurgists Dr. A. P. Beard and R. N. 
Honeyman to solve basic problems of process metallurgy involved 
and achieve actual fabrication of zirconium-alloy base dispersion 
elements which were a significant step closer to the theoretical ideal. 


freedom 


NARROWING 
THE “DEPARTURE 
FROM IDEALITY” 
IN DISPERSION 
FUEL DEVELOPMENT 


is of first 


importance... 
Encouraged by Dr. C. E. Weber, Manager of Basic Materials Devel- 


opment, and a leading figure in Dispersion Element research — and 
aided by consultation with specialists in several KAPL laboratories — 
Beard and Honeyman successfully completed evaluation of the 
irradiation behavior of their first samples in September 1958, only 
eighteen months (and 2 volumes of experimental data) after the 
study program was formally initiated. 


A capsule description of their findings appears below. Reprints of a 
paper outlining the experimental method and techniques used to 
prepare laboratory samples will be furnished on request. 


Summary of Findings: Dispersion Fuel Study 





“> 
... Showed that mechanical attritioning could be used 
to prepare zirconium powder with high corrosion resistance. 


t ...that extrusion of dispersions of 200 micron dia. particles of 
spherical UOz & UC could be achieved at 750° C with little or no 
stringering and no reaction between particles and Zircaloy matrices. 


... that irradiation behavior of zirconium base dispersion fuels con- 


firmed theoretical concepts of such systems. 


R. N. Honeyman (l.) and A. P. Beard (r.) 


Engineers and scientists who appreciate an environment where free inquiry and creative initiative are encouraged are 
invited to investigate these immediate openings: Mechanical metallurgy * Mathematical statistics & design of experiments (PhD) * 
Mathematical analysis & computer programming * Theoretical reactor physics * Experimental reactor physics * Advanced numerical analysis 
(PhD) * Advanced engineering mathematics (PhD) * Materials irradiations experiments * Shielding design * Reactor materials development 
* Powerplant performance evaluation -¢ Analytical chemistry, X-ray diffractio” * Applied ceramics * Radiochemistry * Reactor structural 
design * Primary & secondary systems design * Chemical analysis, vacuum techniques * Reactor instrumentation * Nuclear analysis * 
Reactor operation * Computer operatior; * Materials quality control * Coolanttechnology * Process development metallurgy 


Send your resume in confidence, including salary requirement. We are interested in your technical achievements and interests. 


Address: Mr. A. J. Scrpione, Depr. 48-MJ 


Knolls Alomie Power Laboralory 


OPERATED FOR AEC BY 


GENERAL @@ ELECTRIC 


SCHENECTADY. N.Y 
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ANTON 


Neutron and Gamma Detectors 
for Naval Reactors 


e Meet requirements of Mil-Std-167 and 
Mil-S-901 for vibration and shock 


e Advanced, high temperature, watertight detectors available 
e Delivery from continuous production at economical cost 


SOs iE AIT AAS ES k RL 





Anton 818/7087 Anton 807/6377 
Multi-element —_Electrically 

High Sensitivity C tt 
Neutron 
Detector 





np lor ‘zation 
lonization Chamber 


Chamber 


ANTON ELECTRONIC LABORATORIES, INC., 1226 Flushing Avenue, Brooklyn 37, N. Y. 


C) Send me FREE Neutron Detector Catalog 


Anton 813/6937 Anton 812/6375 Anton 805/6307 
Uncompensated Duo-Range 
Fission Chamber Proportional 


SEND FOR FREE DATA NOW! 


Anton Boiler- 
Leak Gamma 
Detector 


Neutron 


Counter 


CJ Send me FREE Alpha, Beta, Gamma Detector Catalog 


1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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where Ak, is a constant << Ako. 

This change in Ak caused by the 
power feedback will in turn feed back 
into the expression for ¢. Corben 
argues that the behavior of @ with 
this mutual feedback can be expressed 
as an expansion in powers of e*'. He 
finds that the first two terms of this 
expansion, 


ti) = og e*' —_ oe"! (9) 


| are adequate to give a quantitative de- 


scription of many of the interesting 
For in- 
stance, Eq. 1 is derived by setting the 
derivative of Eq. 9 equal to zero, Eq. 2 
by integrating Eq. 9totn. Eqs. 3 and 
4 also follow from Eq. 9 through simple 


algebra. 


| Validity 


Comparison with experimental num- 


| bers gives surprisingly good agreement 


| for Eqs. 1-3. 


Eq. 1 checks within ex- 
perimental error for the SPERT, 
KEWB Godiva (data 


and reactors 


| exist for periods as long as 0.1 sec) and 
comes within a factor of two for the 


BEPO reactor on a 28-sec period. 
Eqs. 2 and 3 fit the experimental points 
available for SPERT, KEWB and 
BORAX (see Fig. 2). 

Equation 4 agrees within experimen- 
tal error for the faster SPERT tran- 
sients (r < 35 ms) but underestimates 
the pulse duration for longer periods. 

The remarkable thing about Eqs. 1-4 


is that they are derived without refer- 


ence to any particular shutdown mecha- 


| nism or even to the details of reactor 
| kineties (such as the existence of de- 
| layed neutrons); the only assumptions 
| that entered in were that a had to be 


Anton 302/5980 
Gamma 
Detector 


large and the power coefficient negative. 
Corben points out that, conversely, 
since the quantities in Eqs. 1-4 are 
independent of feedback mechanism, 
then measurements of these quantities 


| will not give any information about 
feedback mechanisms (provided the 


series of Eq. 9 converges rapidly). 
By bringing in the kinetic equations, 


| Corben derives another expression that 


gives the difference between the initial 
excess reactivity and the excess reac- 
tivity att. (i.e., the reactivity compen- 


| sated by the reactor up to time tn) 


Ak, = Ak, — Aku 


F Poe aj\; Rhos 
“age <r (a + d4)(2a + Aj) 
3 
(10) 
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Inspection of the value of Ak, for | 
limiting values of a shows that 


Ak, 


(a0) 


< Ak. < Ak, — B 

(a @) 
We see that the compensated reactivity 
depends only on the constant a, the | 
prompt neutron lifetime, and the aia 
tomary delayed-neutron parameters. 


Hazard Estimates 





For the reactor engineer doing a 


typical hazards calculation who wants | * 


to know the total energy release and so 


forth that results from a given jolt of | @ 


excess reactivity, Corben’s relations | 
are not sufficient by themselves. | 
instance, with the initial period and | 
power specified, each of the Eqs. 1-3 
still contains two unknowns. This in- | 
determinacy is not surprising since, as | 
we mentioned, the equations have not | 
made use of any information about the | 
physical characteristics of the reactor 
which would certainly have an influence 
on things like total energy release. 
Possibly the simplest approach is to | 
try and crank the extra information | 
needed into Eq. 6. From the definition 
of Ak, we have 


Ak, = 


tim 
I, G(t — t’)o(t’) at’ 


By replacing the unspecified function 
G@ with some reasonable approximation | 
based on the design of the reactor in | 
question, the engineer might provide a | 
relation between Ak, and the energy re- | 
For example the crudest ap-| 
proximation would be to set G equal to 
a constant; then | 


Ak. = G i d(t') dt! =GE(¢u) (11) 


lease. 


Since Ak, can be obtained for a given 
a from Eq. 10, then E(¢m) is fixed by | 
Eq. 11 and the quantities @u, tm and | 
E.. are available through Eqs. 1-3 
However, usually it would not be real- | 
istic to set G equal to a constant. 


Reprints Available 
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VACUUM CLEANERS FOR GREATEST 


SAFETY MAINTENANCE 


Nuclear-Chicago, leading manufacturer of nuclear instruments, main- 
tains the absolute cleanliness and safety of their radio-chemical 
laboratories through regular cleaning with a Hild vacuum cleaner. 
To insure that no dust would pass through the machine and out into 


the air, this vacuum cleaner was furnished with four se 


te filter 


bags. Even with this added load, the Hild machine had enough 


reserve power to do the job. 
Leading Nuclear plants use Hild 


uipment because Hild builds to 


the highest safety standards. In addition to industrial floor machines 
and vacuum cleaners, Hild offers a complete line of UL Listed 
EXPLOSION PROOF cleaning equipment—all with totally enclosed 
motors and switches which decrease loss due to contamination. 


If your plant has a maintenance problem—whether it is radioactive 
dust, explosive chemicals or just plain litter, a Hild representative 
will be glad to call on you and suggest the best method of cleaning. 


Famous Hild Floor 
Polishers and 
Scrubbers 


Heavy Duty Twin 
motor vacuum 
cleaner 








WRITE FOR A FREE 


UL Listed 
Explosion Proof 
Vacuum Cleaner 


DEMONSTRATION 
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Statistical Analysis of Power-Reactor Noise 


By J. A. THIE 


Argonne National Laboratory, Lemont, Illinois 


The rate of fission in a reactor 
operating at a certain power level does 
not remain perfectly constant with 
time but fluctuates in a random way 
about an average value. This reactor 
“noise,” because it stems from statisti- 
cal fluctuations in reactivity inherent 
in the system (such as turbulent flow of 
the coolant), is present as an unavoid- 
able condition in all reactors. How- 
ever, there is a way to put reactor noise 
to some use—a frequency-spectrum 
analysis of the noise can provide, 
essentially ‘‘free-of-charge,’’ some in- 
teresting information about 
kinetic performance. 

Fourier transform methods already 
used to analvze the radar signals, light 
from twinkling stars, etc. permit one 
to determine the distribution of fre- 


reactor 


a-c wattmeter 
giving P(f) 


Flux recorder 








lon chamber [~~ 





Band-pass filter 





4 
Reactor, 


FIG. 1 


of statistical fluctuations in reactor power directly from ion-chamber signal. 


Wires transmitting y(t) 





of width Af 














i 


Resistor dissipating 
electrical power in 
frequency band Af 


CONCEPTUAL EXPERIMENTAL ARRANGEMENT to analyze frequency distribution 


For work 


reported in article, author obtained frequency distribution through analysis of power trace 


with numerical methods 


quency components present in reactor 
power fluctuations. Once we have 
this frequency distribution, we can 
extract from it various kinds of 
information: 


Noise Analysis and Rod-Oscillator Tests 


—How Do They Compare? 


In general the information we get from reactor-noise analysis is obtained 


without interfering with the operation of the reactor. 
idealized arrangement for this purpose. 


other methods. 


Figure 1 shows an 
The method is much less costly than 


An example of an alternative method is the rod-oscillator test, which is well 


established as a tool for exploring reactor dynamics. 


Stringent tests of theories 


about reactor dynamics are possible only by this method; hence it will remain 
as the ultimate technique where high precision is sought at the expense of 


time, money, manpower and equipment. 


However, as reactor development 


progresses from the scientific-experimental to the industrial-engineering stage, 


the need for such experiments decreases. 
for simple rapid tests that give direct final answers. 
spectra from reactor noise will come to the fore. 


In their place we will have a need 
Here the analysis of 
Information can be obtained 


in this way without disturbing the reactor’s structure or operating schedule 


and without skilled experimentalists. 


The rod-oscillator tests on EBWR (4) yielded transfer functions over a wide 


frequency range for a dozen different conditions. 


Several staff man-months 


and technician man-months were required; the mechanical and electronic 
equipment cost about $10,000, and 3-8 hr of reactor time was used up for each 


transfer function. 


With the statistical method the costs are much less. 


About one man- 


month is enough for a mathematician to collect up to a dozen power spectra. 


Fast chart recorders of flux cost up to $2,000. 


In addition, each spectrum 


shown here required 2 min of reactor time, 3 hr to obtain punched cards, and 


about 10 min of IBM-704 time. 


The precision of the results for EBWR was +0.5 and +2.6 db in reactor 
transfer functions by the rod-oscillator and statistical methods, respectively. 
Where less accuracy is needed, a “poor man’s” rod oscillator test is the “‘ring- 
ing” experiment: one observes the reactor response to a single rapid motion 


of a control rod (5). 


Similarly a “poor man’s” statistical technique can give 


semi-quantitative results by (a) using an order of magnitude fewer points than 
we used here and (b) using smalier computing machines, possibly even desk 


calculators. 
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®A recording of reactor flux fluctua- 
tions is all the experimental information 
needed to detect sharp resonances in 
reactor transfer functions. (For pre- 
cise measurement of broad resonances, 
a knowledge of the approximate shape 
of the spectrum driving the 
reactor is helpful.) 

® In zero-power reactors noise analysis 
will give the neutron lifetime (1). 

* For other reactors the coefficients in 
the differential equations governing 
dynamic behavior can be obtained 
(2, 3). 

© A power spectrum derived from noise 
analysis together with a measured or 
calculated transfer function will yield 
information about the basic causes of 


noise 


reactor noise. 
® Continual monitoring of 
noise could provide an additional safety 
check for the reactor operator. For 
instance, an analog computer might 
continuously analyze the fluctuations 
(see Fig. 1) and display the instantane- 
ous power spectrum to the operator, 
who could check it for the appearance 
of resonances. 

The relation of this method to rod- 
oscillator tests is discussed in the box 
below. 


reactor 


Power Fluctuations 

Encouraged by preliminary studies 
(6, 7), we undertook more intensive 
studies of the noise-analysis technique; 
we chose the EBWR as a subject be- 
cause of its ‘‘noisy” nature and its 
well-studied behavior (4). 

The top two traces of Fig. 2 show 
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the KBWR flux fluctuations. 
Casual inspection indicates that fre- 
quencies near 1 or 2 cps seem to be 
dominant. This is quite characteristic 
of boiling reactors (8). To facilitate 
analysis (9) by the IBM 704 we 
digitized these traces at intervals At 
with a Benson-Lehner chart reader 
coupled to an IBM card puncher. 

A histogram of the fluctuation ampli- 
tudes in Fig. 3 shows a Gaussian 
behavior. To get a more quantitative 
analysis we compared the distribution 
of fluxes y,’s with 2 Gaussian of the 


actual 


] 
same mean 7 = y M4 y; and standard 


i=l 


deviation S = (y? — §)”*: 


Gaussian 
distri- 
bution 

0.3173 


15.6-Mw 
EBWR 
data 


Fraction of y;’s 0.325 
where 

ln — i >s 
Fraction of y,’s 0.039 0.0455 

where 

lv — gl > 28 
ed 0.9863 
ys <% 

This amplitude distribution provides 
the first quantitative measurement of 
the so-called “roughness” or “insta- 
bility” of reactor flux. We see that 
for EBWR at 45.6 Mw(th) the stand- 


ard deviation of reactor power is 0.83 


Mw and the probability per second | 
that the reactor power will exceed | 
45.6 + 2 X 0.83 = 47.26 Mw is 44 X 


0.039/0.05 = 0.34 sec™?. 


Autocorrelation 


Fourier analysis of reactor power 
fluctuations y(t) yields the spectral 
power distribution P(f), as follows: 


1| ft 
P(f) = lim = | y(t) 
r+ T| J-r2 
exp (—i2nft) dt} (1) 


Although in principle Eq. 1 can be 
used directly for spectral analysis, in 
practice the intermediate use of the 
autocorrelation function is preferred 
(10). This function ¢(r) is defined as 


g(r) = lim = [ y(t)y(t + 7) dt 
T-« vi J —T/2 


If 








y(t) = ie Y(f) exp (t2rft) df (3) 


then substitution into Eq. 2 gives 


lim L / Y(f)Y(-f) 
t+o Tl J-« 
exp (i2rft) df (4) 


and substitution into Eq. 1 gives 


l 
P(f) = im r IY(fl? 





20.8 
20.0 











19.5 
in 











ween wee 2 
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FIG. 2. STATISTICAL FLUCTUATIONS 
in reactor power were observed directly 
in EBWR (two top traces) and simulated 
by analog computer (bottom traces). 
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2 
Time (sec) > 
Bottommost of latter shows reactivity 


variation fed into computer while trace 
above it shows resulting flux variation 
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FIG. 3. HISTOGRAM of EBWR flux 
in 3,331 consecutive 0.05-sec_inter- 
vals for 45.6-Mw operation. Quantity 
plotted horizontally (¢ — Gavg)/o is 
deviation of instantaneous flux from 
average flux divided by standard 
deviation 


Hence, 


Tr) = | hee P(f) exp (t2rft) df (6) 


= [ . g(r) exp (—i2xrft) dt 
= 2 ‘ y(r) cos 2rft dt (7) 


This result is Wiener’s theorem: the 


| power spectrum of a function is the 


Fourier transform of its autocorrelation 


| function. 


Figure 4 shows ¢(r) for the traces 
of Fig. 2. The y’s used in Eq. 2 for 


| this were more conveniently taken as 


the reactor flux minus its average value. 
Features of the autocorrelation func- 
tion that would be anticipated from 
Fig. 2 are: 

® The correlation among reactor fluxes 
within a 0.1-sec interval is quite high. 
® The correlation among reactor fluxes 


| separated by a time equal to the period 


of a resonant frequency is also high. 

* There is little correlation over long 
time intervals. 

Analog Simulation 


To provide a check on the methods of 


| analysis used, we simulated the oper- 


ation of EBWR at 50 Mw(th) on the 
PACE analog computer. Information 


obtained from an analysis of the flux 


calculated by the computer could be 

precisely compared with expectations. 

We used the following equations (8): 

lL dn ; 3)) 3 n 

— = = (1 — Bk — B— 
N 


0 


Cy ‘ 
+ z Al Y, (8) 


’ 


l de; n 
——— = Bk + B,— 


Ci 
: =~4— © 
Vo dt Ail (9) 


No No 
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| dh a 
ae wae 


l ad A 
_. - . 
1 dh’ a’ 3 h’ 
Ho dt - No ie Hy 
my 2 
ile ail 
x v’ 


i et y! (14) 


0 


+0) + kia (15) | 


These are the linearized set previously 
introduced (4) except for an additional 
feedback which comes from deviations | 
r of the subcooled length from its | 
equilibrium value Xo (7, 8). Here} 
h + Ho and h’ + Ho are heat-transfer | 
rates in the boiling and subcooled | 
sections respectively; v + Vo and v’ + | 
Vo’ are void volumes due to energy | 
generated in the boiling and _ sub- 
cooled sections respectively. Pressure | 


changes can be ignored except at very : '@) ya 


low frequencies. 
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E Bon four time constants are: fuel-plate 
) | time constants in the boiling and sub- 


| cooled zones respectively, 1/a = 0.328 
isec and 1/a’ = 0.389 sec; the average 
time for subcooled water to reach the 
boiling boundary, 1/6 = 0.1711 sec; 
the average times for voids to leave 
the core when formed in the boiling 
zone and at the boiling boundary 
respectively, 1/y = 0.1183 sec, and 

y' = 0.1775 sec. The reactivities 
associated with these two sources of 
voids are respectively, Vo dk/dv = 
—0.02588 and Vo’dk/dv = —0.03307. 

If we theorize that the reactivity 
driving force k,, of an undisturbed 
boiling reactor is due to fluctuations in 
bubble content caused by random 
heat-content fluctuations q in the 
entering water, then: 


-. 16 
Xo dt 7 y Xo ) 


dkin 
—— = —y' Ve - 


dt wx, vm GD) 


Here x’ represents fluctuations in the 











Input Noise Spectrum, kj, (arbitrary units) 





L 


E 50 Mw, 600 psig 
E sais indicate| 
exact value of | 
k;, used 




















10 
Frequency (cps) 


FIG. 5. FREQUENCY DISTRIBUTION, 
P(f), of reactor noise for two levels of 
EBWR operation and simulated opera- 
tion at 50 Mw. Distributions are caleu- 
lated from ¢(r) (see Fig. 4) through Eq. 7 
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20 Mw, 550-600 
Y psig (experimental) 


45.6 Mw, 600 psig 
“ (experimental) 


__| 50Mw,600 psig 
(calculated from 
/ similator equations) 


Reactor Transfer Function, G (arbitrary units) 








Frequency (cps) 


FIG. 6. REACTOR TRANSFER FUNC- 
TIONS measured by rod-oscillator tests 
in EBWR (upper curves) and calculated 
from analog results (lower curve) 


boiling boundary due to the random 
fluctuations q. 

In the analog runs we generated a 
‘‘white”’ noise (i.e., a power spectrum 
independent of frequency) to represent 
q. Fourier analysis of Eqs. 16 and 17 
shows (see Fig. 7) that the k;, that 
results from this q is also “white’’ ex- 
cept at high frequencies. 


Power-Spectrum Analysis 


Figure 5, which is a Fourier analysis 
of Fig. 4 according to Eq. 7, shows the 
resonance behavior noted earlier in 
EBWR (4). The stronger resonance 
at the higher flux level agrees with the 
findings. By analyzing the 
45.6-Mw flux record in two parts we 
obtained the statistical uncertainty of 
the result. Figure 4 shows that the 
autocorrelation function was more 
strongly damped in the second half of 
Thus, the resonance should 
be slightly broader and lower, as indeed 
is the case in Fig. 5. 

This observed statistical uncertainty 
in the strength of the resonance can 
be quantitatively predicted. For a 
trace N At in length and for which the 


earlier 


the record. 


largest lag in computing the autocor- | 
relation function is M At, a bandwidth | 
of 7.07[((N/M) — 5¢}-* db will contain | 


60% of the spectral estimates (11). 


In Fig. 5 this is 2.6 db for the 45.6-Mw | 


case, and almost fortuitously 61% of 
the pairs of points are in this band. 

A second important consideration is 
the resolution Af obtained; this is 
given by Af = 1/(M At) (11). Hence 
a compromise must be made. The 
above formula for statistical un- 
certainty indicates that high resolu- 
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| tions mean high statistical uncertainty. 
By using a smoothing technique called 
“hamming,” 


| P(f) = 0.23P(f — 0.5 Af) + 0.54P(f) 
+ 0.23P(f + 0.5 4f) (18) 





| one obtains in Fig. 5 powers which 
| most nearly correspond to a flat-topped 
| spectral “window”’ of width, Af. 

A final consideration in spectral 
|analysis is the choice of At. Power 
|amplitudes can be obtained only for 
| frequencies below 1/(2 At). The low 
frequency limit is set by the resolu- 
| tion, 1/(M At). 

Figure 6 shows the measured (4) and 
|calculated (8) transfer function, G. 
| Since 
| n(f) 


V os G(f)kia(f) (19) 


| 
| by definition, then 
| 


[Pi 


kin(f) sitet G( f) 


| (20) 
| Since Eq. 1 shows P to be the square 
|of the Fourier amplitude of n, in 
| Fig. 7 we divide the square root of P 
iby G. For the simulated case the 
| agreement between the noise spectrum 
|so obtained and the k;, actually used is 
| a check on the validity of this analysis. 


» | Thetwo upper curves in Fig. 7 repre- 
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|sent experimental determinations of 
| the reactivity driving force in EBWR. 
| For both cases studied, the frequency 


| Spectrum of jp is flat at low frequencies 


P jand attenuates at a rate of 12 db per 


octave above 0.3 cps. Hitherto there 
has been no knowledge of this function, 
and only theoretical speculation about 
| its existence. However, now a quanti- 
| tative knowledge of k;, allows com- 
| parison with theories such as Eqs. 16 
jand 17. The points in Fig. 7 corre- 
sponding to the latter have approxi- 
mately the same frequency dependence 
as the experimental kj,(f) at 45.6 Mw. 
This tends to lend some credence to 
Eqs. 10 and 11. 


Reactor Stability 


The power spectrum obtained by 
autocorrelation methods is useful in 
itself. If a sharp resonance appears at 
| a particular frequency, then the reactor 
| transfer function should have a similar 
| resonance, The higher and sharper 
jsuch resonances are, the greater the 
tendency of the system toward un- 
stable oscillations at the resonance fre- 





;|quency. Therefore, quantitative de- 


|terminations of resonances are an 
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important part of evaluating a sys-| 
tem’s stability. | 

If, as for EBWR, transfer function 
measurements by the rod _ oscillator 
technique are available, then they can 
be used with the power spectrum to 
determine kj,(f). Knowledge of kin} 
will assist in understanding the funda- | 
mental processes in boiling reactors. | 
For most reactors, however, rod-oscil- 


First half of record 
Last half of record 


20 Mw,550-600psig 





ap ea 
4 


eo 


| Simulator 
| 50 Mw, 600 psig 


10} it 


Frequency (cps) 


FIG. 7. INPUT-NOISE SPECTRUM de- 
rived from functions plotted in Figs. 5 and 
6 gives distribution of frequency com- 
ponents present in reactivity fluctuations 
that drive reactor-power fluctuations 


lator measurements are not available. 
The use of the power spectrum in con- 
junction with theoretical estimates of 
k.n(f) in Eq. 20 will then give informa- 
tion about the reactor transfer function, 
G(f). 
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New Cary Model 32 Electrometer 
measures C™ activity of less than 107° 
curies per mg BaC™Os, H® activity 

to 10°° curies per mg H® 


Saves time, money and bench space: 
¢ High sensitivity allows use of smaller quantities of 
expensive tagged compounds 
¢ Simplified operating procedures speed analysis 
¢ Compact design requires only one square foot of bench space 


The high sensitivity and stability of the Cary Model 32 make it particu- 
larly valuable in determinations of C14 and H3 in biological and chemical 
samples. The high sensitivity permits use of minimum amounts of 
costly tagged materials which reduces the hazard to living experimental 
subjects. In addition, savings resulting from the use of minimum 
amounts pay for the instrument in a short time. 

Accessories further increase the versatility and convenience of the 
Model 32. These include spherical ionization chambers for gas phase 
samples, slide chambers for solid samples, shielded enclosures, resistors, 
and a pH electrode adapter. 


% ) For descriptive literature 

Wa on the many ways the 

Ie fl i Cary Model 32 can serve you, 
A ask for data file K15-109 


Electrometers © UV —Visible — Near IR and Raman Spectrophotometers 


APPLIED PHYSICS CORPORATION + 2724 So. Peck Rd., Monrovia, Calif. 
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APPLIED RADIATION 


American helps 


Food Irradiators Look to 
Low-Dose Treatments 


nuclear plants 
reuse =< 


AW 


“hot” clothing 


There’s no need to throw away uni- 
forms, gloves, or other clothing ex- 
posed to radioactive or toxic materials. 
Now, you can decontaminate and wash 
them right in your own plant, This 
reduces expenditures for replacement, 
keeps clothing always available right 
on the premises. 


The American Laundry Machinery 
Company has developed a complete 
line of automatically controlled, labor- 
saving equipment especially designed 
to provide nuclear plants of any type 
or size with a modern, efficient laundry 
and decontamination installation. 


For complete information on nuclear 
plant laundry equipment, write today 
for Catalog 2642. 


raal-lalet-la' 


The American Laundry Machinery Company, Cincinnati 12, Ohio 


To one observer at least it appears 
that food irradiators have put off the 
glamor of silk dressing gowns of morn- 
ing and turned to the work shirts and 
rolled-up sleeves of noonday. An over- 
all look at what is going on was avail- 
able at the International Conference on 
the Preservation of Foods by Ionizing 
Radiations held at the Massachusetts 
Institute of Technology in midsummer. 
Cosponsors were the Department of 
Food Technology of MIT, the U. 8. 
AEC, and the International Atomic 
Energy Agency. Delegates from two 
dozen countries were there to compare 
notes, ask questions and get answers. 

The emphasis has changed. The 
prize exhibit is no longer a steak that 
will retain color and texture without 
| refrigeration. Instead the experts are 
| looking to low-dose treatments as the 
| ones most likely to have early commer- 
|cial value. There may be immediate 
| value in killing salmonellas and tri- 
|chinae, deinfesting grain, extending 
storage life of potatoes and onions, and 
| increasing time available for shipping 
|foods to underfed regions. In the 
| United States the most promising possi- 
| bility appears to be low-dose irradi- 
ation of fish to extend shelf life. 





Low-Dose Rates 


There may also be unusual potential! 
in low dose rates. Many delegates 
| spoke of food problems in their coun- 
tries that might be solved by radiation. 
| Most of the problems have to do with 
shipping and storing food. It appears 
likely that a source used during storage 
or shipping to accomplish a given pur- 
pose might be miniscule as compared to 
the source that would do the job in one 
irradiation of limited duration. Could 
one, for example, store grain in an ele- 
vator with permanently installed cobalt 
rods. Such a low-level constant irradi- 
|ation would be assured of affecting 
insects and microorganisms at their 
most sensitive stage. Perhaps it would 
not be difficult to place radiation sources 
among the packages filling the hold of a 
ship. 
To many, potato irradiation appears 
to be technically feasible but economi- 


cally useless. The British have given 
it up as uneconomical. The problem 
is bruising and rubbing. Meanwhile 
the Poles are still investigating the 
process, and the Russians are using it 
(NU, Sept. ’58, p. 91). Russians with 
the atomic-energy portion of the recent 
exhibit at New York’s Colliseum indi- 
cated that a 200,000-curie Co® food 
irradiator under construction near 
Moscow would be used partly for 
potato irradiation. 

Many variables can be manipulated 
to change the problem of bruising and 
healing of potatoes—notably the time 
of irradiation. Ability to heal is a 
function of the age and exposure of the 
potato. Thus the right dose delivered 
at the right time and the right rate 
might inhibit sprouting without in- 
creasing susceptibility to bruising. 


Extended Storage 


Potato and onion storage would be a 
boon in Central America, where the 
highest rate of population growth in 
the world and an absence of refriger- 
ation produce a constant food problem. 
Potatoes are subject to variable yield 
and large losses. Successful storage 
would level the price. 

Last year a pound of Central Ameri- 
can onions cost the skilled worker an 
hour's wage; better storage would help. 
Other problems in Central America in- 
clude molds in coffee and cocoa and the 
short shelf life of bananas. Govern- 
ments might subsidize food-irradiation 
programs to solve commercial problems 
and improve local diets. 


Food Poisoning 


Salmonellas present different prob- 
lems in different regions. In the U. S. 
these bacteria have only recently been 
recognized as pathogenic, and even now 
few consider them a serious problem. 
This is in disagreement with the opinion 
of many foreigners who blame sal- 
monellas for various kinds of fairly 
severe food poisonings. The severity 
of the poisoning may not be the meas- 
ure of the problem for food exporters 
andimporters. If laws prohibit impor- 
tation of foodstuffs containing sal- 
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monellas or distributing such materials 
to consumers after they are imported, 
exporters and importers are in trouble, 
and people may gohungry. For exam- 
ple, South Africa faces a problem in 
exporting liquid eggs. Salmonellas 
may develop during a sea voyage so 
that a shipment apparently free of them 
at departure may be infected when 
they arrive. Irradiation before, during 
or after the voyage might enable a 


commerce that would be otherwise 





impractical. 
Costs Go Down | 

Radiation economics are improving. 
Paul Aebersold of the AEC Office of 
Isotopes Development suggests that 
irradiation cobalt may become cheaper 
if one can find some free neutrons with 
which to make it. For example, there | 
may be some volume available in reac- | 
tor control rods and blankets. Henry 
Seligman (presently with the Inter- 
national Atomic Energy Agency in 
Vienna and formerly of Harwell) indi- 
cates that the British have been looking 
for ways to use cobalt as a flux flattener 
in some of their reactors. 

Meanwhile accelerator radiation is | 
becoming ever cheaper. Walton Van| 
Winkle, Jr., indicates that radiation | 
sterilization of sutures at Ethicon is | 





now about as costly as heat steriliza-| 
Newly developed microwave am- | 
plifier tubes called “amplitrons” are | 
expected to reduce costs by 20-45%. | 
Accelerator manufacturers are an-| 
nouncing new designs with the assertion | 
that they will be much cheaper than | 
their ancestors. 


tion. 


| 
However, where foods are concerned, | 
many feel that the cost is not impor- | 


tant. As exemplified by frozen food, | 
the customer will buy a better product 
even when it is significantly more 
expensive, 

Heat and radiation may be usable 
together for preservation that is better 
than either accomplishes alone. Cur- 
rent work is finding that many heat- | 
resistant bacteria are radiation-sensi- | 
tive and radiation-resistant ones are | 
heat-sensitive. Thus the total dam-| 
in terms of flavor and texture | 
might be reduced to a mini- 
mum with an optimal combination | 
treatment. 
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now available from 
HiGH VOLTAGE 
ENGINEERING 
CORPORATION 
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compact, low-cost 
Van de Graaff 
positive-ion accelerators 
to large 
linear electron accelerators 
for energies up to 
100 Mev and higher. 


Pulsed or continuous operation. 


PN-400 Van de Graaff — Lowest cost. 
Ideal for reactor engineering, nu- 
clear training courses, pulsing 
subcritical assemblies. 





KN Van de Graaff — Powerful and 
precise for broad research pro- 
grams including nuclear physics, 
advanced neutron work, biology, 
reactor engineering, and activa- 
tion analysis. 


LS Series Linear Accelerators — 


Electron energies of 6 Mev and 
above. Optimum neutron yield per 
kilowatt obtained above 30 Mev. 
Useful for nuclear physics, neutron- 
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A Primer of Programming for 
Digital Computers 

By MARSHAL H. WRUBEL (McGraw-Hill Book 
Co., New York, 1959, 230 pages, $7.50) 

This book is designed for the scientist 
or engineer who wants to use a digital 
computer as a tool in his work but who 
has never programmed one_ before. 
The author begins with the elementary 
operations and works the reader up to 
advanced programming schemes such 
as FORTRAN (FORmula TRANsla- 
tion) and SOAP (Symbolic Optimal 
Assembly Program). Although all his 
discussion and examples refer specifi- 
cally to the IBM 650, the principles 
developed are generally valid for all 
digital computers; he carefully alerts 
the reader at the places where this is 
not true. In summary, the book offers 
clearly written, down-to-earth advice 
(“Very few programs work correctly 
the first time they are tried . . .”’) to 
those who would like to try their hands 
at programming a “big machine.” 


H. L. D. 


Radioactive Isotopes in Clinical 
Practice 
By Edith Quimby, Sergei Feitelberg, Solomon 


Silver (Lea and Febiger, Philadelphia, 1958; 
reprinted Janvary, 1959; 451 pages.) 


Reviewed by James: McRart, MRACP, 
Donner Laboratory, University of Cali- 
fornia, Berkeley, California. 

This book is the outgrowth of a 
course in clinical uses of radioactive 
isotopes given regularly by the authors 
and is an excellent text for physicians 
who wish to understand some of the 
fundamental principles of radioactivity 
and to use isotopes intelligently. It 
is not comprehensive in every aspect, 
hut it does cover the clinical use of 
isotopes adequately. 

The book is divided 
sections: 

PART |, Basic Edith 
Quimby, provides a readily understood 
outline of radio- 
activity, nuclear reactions, interaction 
of radiation and matter, dosage cal- 
culations for radioactive isotopes and 
radiation hazards and their avoidance. 
The chapter on the biological effects 
of ionizing radiation is a little disap- 
pointing. It may give a true assess- 
ment of the magnitude of the harmful 
effects of radiation but it is insufficient 
to provide orientation in a field where 
emotion has entered many of the dis- 
cussions available elsewhere. 
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into three 
Physics, by 


subjects such as 


PART Il, by Sergei Feitelberg, deals 
with instrumentation and laboratory 
methods. Again an excellent outline 
of the principles is presented. The 
essential points are made clearly and a 
thorough knowledge of this section 
allows counting procedures to be fully 
understood. The chapters include dis- 
cussions of radiation detectors, quan- 
titative measurements in vitro and in 
vivo, and determination of isotope dis- 
tribution within the body. Autoradi- 
ography, use of radiation detectors in 
health protection and laboratory design 
are mentioned briefly. 

PART Ill, Clinical Applications, by 
Solomon Silver, includes a compre- 
hensive account of the place of radio- 
iodine in elucidating thyroid physiology 
and disease, and a less detailed account 
of the clinical uses of many other 
isotopes. Again, the important prin- 
ciples are stressed and not lost in de- 
tails. Adequate references are given to 
papers providing details of techniques. 

The first two sections of the book 
would be valuable to anyone who pro- 
posed to use radioisotopes and who 
wished to understand something of 
their nature and measurement. The 
entire book is oriented for the clinician. 
It is clearly written throughout and 
provides the essential principles for 
the intelligent use of isotopes. 


Progress in Nuclear Energy 
—Analytical Chemistry, Vol. 1 


M. T. KELLEY, editor (Pergamon Press, New 
York, 1959, 372 pages, $15) 


Reviewed by C. J. RoppeNn, New Bruns- 
wick Area Office, U. 8S. Atomic Energy 
Commission, New Brunswick, N. J. 

This volume of the “‘ Progress in Nu- 
clear Energy ” series is a compilation of 
selected papers presented at the Second 
International Conference on the Peace- 
ful Uses of Atomic Energy held in 
Geneva in 1958 and deals with the 
analysis of materials of interest in the 
nuclear field. 

The fields of analysis that are covered 
indicate the broad scope that confronts 
the present-day analyst. The book is 
divided into ‘Reactor Applications,”’ 
“Activation Analysis,’ ‘‘Spectro- 
graphic Techniques,” “Industrial Ap- 
plications” and ‘Health Physies.’”’ 
As would be expected in such a com- 
pilation, there are articles of interest to 
analysts in general, and others that are 
of interest to specialists only. 

Several of the papers are in the na- 
ture of excellent review articles cover- 


ing the analysis of thorium, chemical 
methods for the determination of ura- 
nium in ores and neutron activation 
analysis. The application of gamma- 
ray spectrometry to fission-product 
analysis and to reactor effluents indi- 
cates the versatility of this relatively 
new method of analysis. Akin to this 
is the use of gamma-ray absorption in 
the monitoring of uranium in process 
streams. X-ray spectrographic meth- 
ods are described for uranium fuel alloys 
as well as for plutonium and uranium in 
solutions. 

The application of the hollow-cath- 
ode discharge to the analysis of zirco- 
nium and its compounds and the spec- 
trographic determination of oxygen, 
nitrogen and hydrogen in metals are of 
interest. Many of the papers deal with 
specific subjects such as the analysis of 
plutonium by controlled potential 
coulometry, the determination of Sr*® 
and Sr in urine and sea water and 
heavy-water monitoring by infra-red 
spectroscopy. 

The assembling of the important 
analytical chemistry papers of the 1958 
Geneva Conference results in one con- 
veniently handled volume that can be 
very useful to the analyst dealing with 
nuclear materials. All papers are in 
English with the exception of two that 
are in French. Why these two papers 
were left in the original language is not 
understandable, since translations are 
available. 


Nuclear Rocket Propulsion 


By R. W. BUSSARD and R. D. DELAUER (Mc- 
Graw-Hill Book Co., New York, 1958, 370 pages, 
$10) 

Reviewed by G. W. E.vervum, Jr., Ad- 
vanced Propulsion, Space Technology 
Laboratories, Inc., Los Angeles, Calif. 


An examination of the propulsion- 
system requirements for various space 
missions shows that deep space explora- 
tion by large manned vehicles will likely 
require the use of nuclear energy. In 
this book, the authors present the engi- 
neering foundation on which to base the 
design of vehicles using high-power- 
density fission reactors as the primary 
energy source for several types of rocket 
engines. 

While at the Los Alamos Scientific 
Laboratory, both of the authors worked 
on this country’s first research program 
to demonstrate a nuclear rocket motor. 
Asa result, their book includes the most 
up-to-date concepts and design data in 
both the areas of rocket-vehicle-system 
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analysis and reactor design and control. 

After a brief introduction, a chapter 
on Basic Rocket Performance gives deri- 
vations of the parameters character- 


izing the performance of rocket engines | 
and describing the rocket vehicle’s mo- | 
tion. This is followed by System Anal- | 


ysis, which relates the performance and 
weight of each major component to the 
over-all vehicle performance. Values 
of all the required coefficients in the 


component weight and performance | 


equations are given based on current 
vehicle engineering design practice. 


These equations provide the nonspecial- | 
ist on design with all of the information | 
required to evaluate the relative ideal | 


capabilities of vehicles using various 
propulsion-system concepts. 
The fourth chapter presents a review 


of some of the fundamentals of Heat | 


Transfer and Fluid Flow. Of great in- 
terest to designers of all types of high- 
power-density reactors are sections re- 


lating power density to core geometry | 


and working-fluid core pressure drops. 
The next chapter, Materials, discusses 
the special problems encountered in the 
very high-temperature, high-stress re- 
gions. While the properties of various 
materials are given in some detail, it is 
apparent that much of the uncertainty 


in the engineering design of high-tem- | 
perature, high-power-density reactors | 
‘ . ° - ° ° | 
lies in this area. The discussion em- 


phasizes the unusual materials require- 
ments and should serve to stimulate 


and guide the large amount of experi- | 


mental research work required. 
A chapter on Nucleonics follows, in 


which reactor statics, kinetics and | 


gamma and neutron leakage are dis- 
cussed from the engineering standpoint. 
A description of the physical processes 
involved and several methods of reactor 
analysis are given. Although some of 
the approximate methods are shown to 
provide information for early survey 
design work, it is properly pointed out 
that detailed evaluation of a particular 
reactor must be carried out on a large 
high-speed digital computer. Thus, 
while this part of the book is useful as 
an engineering guide, the actual compu- 
tation of the neutronic analysis will 


probably always be done using one or | 
another of the computer codes available | 


through the AEC. 


A general approach to the problems | 


of System Control are given in the next 
chapter. Some of the mathematical 
methods of control-system analysis and 
the use of analog simulation to study 
system dynamics of nuclear rocket en- 
gines are presented. 

The remainder of the text is devoted 
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ROTARY 2-DIE 


The workhorse of modern . 
swaging machines and appli- e 
cable to most swaging re- 
quirements. Low initial cost, . 
wide range of sizes and . 
capacities. 


AGING MACHINES 


More and more precision metal forming operations 
are being performed on swaging machines because 
of low initial and low operating costs plus 
substantial savings in metals. Whether your 
specifications call for pointing, forming, assembling, 
internal reduction, or swaging squares and 
rectangles only Fenn offers you the model and size 
to exactly meet your requirements because 

only Fenn makes all types of swaging machines. 


Write for Fenn Swaging Catalog! 


ROTARY 4-piE HYDROFORMER 
Ideal for swaging higher ten- 
sile materials, greater reduc- 
tion per pass, and steeper 
angles of reduction. Also per- 
mits easy feeding. 


Equipped with special hydrau- 
lically actuated wedges that 
permit wide die opening. Used 
for internal and central reduc- 
tions, and attaching fittings 
such as balls to cables. 


IN SWAGING 


THE FENN MANUFACTURING COMPANY © 705 FENN ROAD © NEWINGTON, CONN. 
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“,..1t will 
provide 
the most nearly 
complete 
containment 
presented to 
the Committee 
in any reactor 
project 
to date.” 


This is what AEC* 
said about the 
Indian Point project 





Containment needs vary. Vitro engineers interpret customer requirements—then 
determine containment and shielding specifications to provide necessary safety. 


Vitro has worked on safe reactor plant design covering the broad spectrum: 


e Test facilities with no shielding, such as the Lockheed center at 
Dawsonville, Ga. 


e The country’s most completely-contained reactor power plant— 
Con Edison’s unit at Indian Point, N. Y. 


e Every stage in-between 


Diverse nuclear and engineering skills are a necessity in today’s modern 
technological areas. Vitro has these skills and experience in depth. Its reputa- 
tion has come by regularly doing the hard-to-do jobs. 


*Report to AEC Chairman John A. McCone by the Advisory Committee on Reactor Safeguards. Copies on request. 


engineering the future— 
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Depariment starts on page 114 


| to a description of various techniques 
| of testing both nuclear components and 


rocket engines. Also, a brief survey is 
given of some possibilities for “‘blue- 
sky” research in the utilization of nu- 
clear power for propulsion. 

In this clear and concise text, the 
authors have succeeded in their objec- 
tive of giving the rocket engineer a 
basis for understanding the problems of 
reactor design, operation and interac- 
tion with the rest of the propulsion sys- 
tem. For the nuclear engineering 
specialist, the book provides an intro- 
duction to one of the most fascinating 


| applications of atomic power. 


Geneva '58 Proceedings * 


Vol. 10, Research Reactors (548 pages, 
$18.50), in its description of reactor 
designs and narration of operating ex- 
perience, indicates the vitality of the 
research and engineering test reactor 
field. The discussions are conveniently 
grouped according to reactor type, 1.e., 
high-power, low-power, enrichment, 
moderator, etc. Since this type of re- 
actor is within the capabilities of more 


| countries than are power reactors, the 


authors of this volume display a wider 


| international representation than do 


other reactor volumes. 


| Vol 11, Reactor Safety and Control 


(550 pages, $15.50) has 61 papers on 
reactor safety, containment, control 


| and boiling-water reactors—.e., the 
| papers of sessions A-14, B-13 and B-14a. 


Most of the titles contain the words 


| “safety” and “containment.” But 


also included are several with titles 
involving “legal aspects,” ‘“‘ships,”’ 
“kinetics,” “transients,” ‘“detectors”’ 
and “xenon.” More than 14 of the 
papers are from the United States, but 
the reader with a world-wide curiosity 
will find some contributions from other 
countries that have reactors and some 
from those that do not. He can read 
about how to build a reactor under- 
ground in Norway and how to control 
the large power reactors of Great Bri- 
tain. Four papers are from Russia. 
Other nations that contribute experi- 
mental and theoretical papers are 
Sweden, Belgium, Rumania, West Ger- 
many, Portugal, Switzerland, Czecho- 
slovakia, Australia, Japan, France, 
Canada, India and Brazil. 

* Other volumes were reviewed in the 
July, August and September issues of 
NUCLEONTCS, 
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Department starts on page 6 


delay (if desired, within a few minutes). 
3. I feel that, except for special 
cases, direct-reading dosimeters should 
not be used by persons who are unable 
to judge the value of the measurements. 
If, for example, the dose rate reaches 
a high level for a limited time so that 
the average dose remains low, un- 
necessary concern could arise. Where 
films are used simultaneously, the 
unavoidable discrepancies between the 
two results could lead to unjustified 
distrust in the monitoring program. 
—A. BIERMAN 
Health Physics Division 


Atomic Energy Commission /Laboratories 
Rehovoth, Israel 


Electron-Energy Determination 


Dear Sir: 


In the article “‘ Method for Checking 
Energy of Accelerated Electrons” by 
Campanile and Wagner in the July 
1959 issue of NUCLEONICS, p. 74, it was 
stated that “It has been found un- 
feasible to use neutron counters in the 
photodisintegration-threshold method 
since these counters are inoperative at 
these very high photon fluxes.” I 
would like to point out that a paper 
was presented at the December, 1956, 
American Nuclear Society meeting by 
8. L. Ruby and the writer on the use 
of neutron scintillation counters for 
the energy calibration of electrons from 
an accelerator. 

The method used was fairly stand- 
ard. The electron beam was con- 
verted to bremsstrahlung with a 0.021- 
in. gold target. Runs were made with 
both beryllium and deuterium oxide 
as the neutron generator. The neu- 
tron detector was placed at right 
angles to the neutron source and was 
surrounded with paraffin. The neu- 
tron detector was a ZnS-boron phos- 
phor of the type described by Sun, 
Malemberg and Pecjak (NU, July ’56, 
p. 46). The entire success of the 
method is the result of the detector. 
The thin layer of the detector dis- 
criminates strongly against the X-ray 
background. The largest pulse from 
an X-ray in this phosphor is less than 
half of the voltage of most of the 
neutron pulses. The detector also 
has a high (about 20%) efficiency for 
neutrons. The calibration with deu- 
terium was the most precise with the 
threshold determined to within +0.2%. 


—C. C. Tuomas, Jr. 


Atomic Power Department 
Westinghouse Electric Corporation 
Pittsburgh, Pa. 


Vol. 17, No. 10 - October, 1959 


GCRE Hot Spots 
Dear Sir: 

The article, “APDA Introduces 
Statistical Hot-Spot Factors,” which 
appeared on p. 92 of the August issue, 
is very interesting. The following 
comments may also be of interest. 

The statistical approach described in 
the article has been independently used 
by Allis-Chalmers’ Nuclear Power De- 
partment—Washington to predict fuel 
temperatures for the Experimental 
Gas-Cooled Reactor, which is being 
designed for Oak Ridge. The method 
has also been extended to predict the 
probable rate of failure of fuel elements 
during operation. As pointed out by 
Bill Farmer in the article, Allis- 
Chalmers does not use the statistical 
approach in analyzing its water-cooled 
reactors. However, in the case of gas- 
cooled reactors, the low heat capacity 
of the coolant and large temperature 
rise through the reactor lead to a situa- 
tion in many ways similar to that 
which obtains with liquid-metal cooling 
and a number of factors of comparable 
magnitude must be combined. The 
statistical basis of combination is be- 
lieved to be more logical and more 
useful than the conventional method. 

The first such analysis of fuel tem- 
peratures in the Experimental Gas- 
Cooled Reactor was reported by J. K. 
Davidson et al. in ACF-GCPR Study 
No. 3-282, ‘Prediction of Fuel Ele- 
ment Failures, Steady State and Acci- 
dent Conditions, Gas-Cooled Power 
Reactor,” issued February 26, 1959, 
copies of which are available. A paper 
on the subject by J. K. Davidson and 
L. H. Devlin is to be presented at the 
November ANS Meeting in Washing- 
ton. The statistical method of com- 
bining hot-spot and _hot-channel 
factors was developed from that which 
is described briefly in pages 442-446 
of Bonilla’s ‘‘ Nuclear Engineering.” 

It seems to me that the important 
questions regarding the use of the 
statistical method are the following: 
(1) Is it more logical than the conven- 
tional method? (2) Is it more useful? 

Regarding the first question, the 
statistical method appears to be more 
logical because it recognizes a funda- 
mental fact of life—it is possible 
mathematically to relate large numbers 
of events that are causally unrelated. 
This argument carries different weight 
with different people. Many scien- 
tists, and some engineers, prefer for 


intellectual and aesthetic reasons to 
base their analyses upon those models 
that are known to conform closest to 
nature’s operation, even though lack 
of basic information makes the final 
answer as inaccurate as that obtained 
by use of a less appropriate model. 

The second question is of general 
interest, and, in the case of the Experi- 
mental Gas-Cooled Reactor, the answer 
is affirmative. The report mentioned 
above computes the probable distribu- 
tion of fuel-cladding temperatures at 
each location in the reactor. The 
exposure at each location is known 
from the fuel-programming scheme. 
The stress in the cladding is calculated 
from the fission-gas pressure, which 
in turn is known from the fuel ex- 
posure and fractional fission-gas re- 
lease. These probable temperatures 
and calculated stresses are then com- 
bined with conservative criteria of 
fuel failure to predict a failure rate. 

The analysis is particularly import- 
ant in the case of the Experimental 
Gas-Cooled Reactor. This reactor was 
designed by Allis-Chalmers with the 
capability to detect and replace defec- 
tive elements under power so that the 
fuel exposure can be pushed to the 
point that the failure rate is the eco- 
nomic optimum. While the analysis 
cannot “prove” anything, it does pro- 
vide very useful information. The 
knowledge that a maleficient concate- 
nation of events (whose likelihood of 
occurrence during reactor life approxi- 
mates that of Jean’s monkeys produc- 
ing the volumes of the British Museum) 
could bring an individual fuel element 
to a temperature of 2,200° F does not 
constitute useful information to most 
reactor designers. On the other hand, 
a quantitative estimate of the proba- 
bility that a stated number of elements 
will exceed 1,500° F is useful. 

In addition, a quantitative estimate 
of the probability that the rate of fuel 
failure will not be so low as to be 
wasteful of the investment in fuel and 
yet will be low enough to fall within 
the capabilities of the machine is a 
useful piece of information in fixing 
design objectives. Further, when the 
reactor goes into operation, the pre- 
diction of fuel failure rate provides the 
operator with a useful basis for evalu- 
ating the failure rate that is encoun- 
tered in practice. 


—W. F. Banks, Project Manager 
Allis-Chalmers Manufacturing Company 
Washington 11, D. C. 
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Reactor Console for the Savannah... 


Over 480 control and indicating items are incorporated in the 
Cleveland 10, Ohio. 
These include: 20 flow indicators, 15 level indicators, 45 pres- 


main console built by Bailey Meter Co., 


sure indicators, 35 temperature indicators, 55 meters, 31 
valve selector switches, 60 selector switches and 120 push but- 


ae 





.. and Its Simulator 


tons. The simulator, built by Westinghouse Electric Co., 
Pittsburgh 30, Pa., is a key tool in the crew training program 
already in progress. An analog computer is the central 


element and 54 switches enable simulation of various 


malfunctions 


Nuclear Gear for NS Savannah 


The world’s first nuclear-propelled merchant ship will be powered by an 


advanced pressurized-water reactor. 


Prime contract with AEC for design 


and manufacture is held by The Babcock and Wilcox Co. which has called 


on more than 30 principal vendors to supply major components and sub- 


assemblies such as are shown here. 


Propulsion Unit 


The main propulsion unit (above) is like those used in con- 


ventional steam-turbine-driven ships but special features 
have been incorporated. The main turbines are designed 
to develop 22,000 shp using 430-700-psia saturated steam. 
Excessive moisture is withdrawn from the turbines to pre- 
vent erosion. If reactor power is lost, diesel generator 
powers 750-hp electric ‘‘take-home”’ motor clutch-mounted 
on the reduction gear. welded to 
tube sheet to keep salt water from the steam generator. 
DeLaval Steam Turbine Co., 802 Way, 
Trenton 2, N. J. 
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Pressurized-Water Reactor 


Light water at 1,750 psia moderates 
and cools the reactor. Core has 32 fuel 
elements each with 164 fuel rods that 
contain a total of 8,060 kg of UO, en- 
riched to an average of 4.4% in U?*, 
Rods have 0.5 in. dia with 0.035-in.- 
thick walls. Conversion ratio is ex- 
pected to be ~0.4. The 21 
stainless-steel cruciform control rods 
are 8 in. wide and 0.375 in. thick. 
Core life at 63.5 Mw is calculated to 
exceed 700 days.—The Babcock and 
Wilcox Co., 161 E. 42nd St., New York 
bee me 2 


boron- 


Nuclear Power Plant Mockup 


Full-scale mockup of the nuclear power 
plant (left) is 70 ft long and 55 ft high. 
Crew can move about in this ‘plant”’ 
to fulfill simulated maintenance and re- 
pair operations as they will later aboard 
ship. Design can also be checked for 
exact clearances prior to shipboard 
installation——New York Shipbuilding 
Co., Camden, N. J. 
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Tensioner for 350-lb Bolts 


Powerful hydraulic-jack-type stud ten- 
sioner (above) was designed to secure 
the 45-ton top closure of the nuclear 
reactor. The precision-controlled de- 
vice easily tightens or loosens the 48 
stud bolts that are 5 ft long, 5 in. in 
diameter and weigh 350 lb. Two or 
three evenly spaced tensioners will be 
used simultaneously.— Diamond Power 
Specialty Corp., Lancaster, Ohio. 


Eight Miles of Tubing 


The two heat exchangers required 
43,704 ft of 24-in. seamless, cold-drawn 
stainless-steel tubing (above). This 
was cut into 1,624 tubes that were bent 
on a special former; 61 different bends 
were made. Special procedures in- 
cluded ultrasonic inspection, hydro- 
testing at 2,880 psi, liquid penetrant 
testing and air and alcohol cleaning. 
The Babcock and Wilcox Co., 161 E. 
42nd St., New York 17, N. Y. 


The New 
AM-33R 
Air 
Monitor 


The AM-33R is First to Provide 
Direct \dentification 
of Long Half-Life Emitters 


Due to natural radon progeny, identifica- 
tion of long half-life emitters with ordinary 
monitors means a delay of five hours 
or more, and requires multiple detectors. 
Now, with the new AM-33R air monitor, 
the presence of these emitters can be iden- 
tified directly, and almost immediately— 
with a single detector. 
PRICES— FOB, INDIANAPOLIS 


AM-33R (Moving Filter) 
illustrated $000 00 0:0 ce 


AM-22R (Fixed Filter) $5,230.00 
FOR DETAILS, PHONE LIBERTY 6-2415 COLLECT 


Nuclear Measurements Corp. 


2460 N. ARLINGTON AVE. 


INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16, N. Y 
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New atomic-age laundry 


all American equipped 


Staffed with radiological safety experts 
and fully equipped with specially de- 
signed American Laundry Machinery 
Company equipment, Nuclear Engi- 
neering Co., Walnut Creek, Calif., is 
the world’s latest atomic-age laundry. 


Owners Joseph Law and Terry Hufft 
specialize in decontaminating and wash- 
ing “hot” clothing in addition to their 
other radioactive waste disposal opera- 
tions, and their services are in constant 
demand by the many nuclear plants 
and laboratories in the nearby Bay 
Area of San Francisco. 

Laundry machinery for this new plant 
was selected from American’s wide 
range of automatically controlled, 
labor-saving equipment, especially de- 
signed for the decontamination and 
washing of radioactive clothing. 

For complete information on laundry 
equipment for your nuclear plant or 
laboratory, write for Catalog Form 
#2642. 


Modern, efficient laundry facilities at 
Nuclear Engineering Co., completely 
planned and equipped by The American 


|ard-size switch, 


| overloads of up to 10 amp. 
Designed Components, Inc., Jericho, 
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Air-Powered Vacuum Cleaner 


Any compressed-air source will operate | 
the Jet Syphon, an industrial vacuum | 
cleaner. The 29-lb unit a | 
powerful suction for fast wet-or-dry | 
pickup and thorough cleaning. The 
cleaner can safely handle radioactive 


creates 


dust as well as combustible dust such as | 
magnesium.—Laukhuff-Pratt Mfg. Co., 
3097 W. Mill Rd., Milwaukee, Wisc. 


One-Way Mercury Switch 

A momentary wipe contact is achieved 
tilting the one-way mercury switch 
(above) 10 deg or more in one direction. 
Returning the switch to its original 
position breaks the contact. A variety | 


aye : 
of circuit arrangements are achieved by 


using this basic orifice principle and in- 


serting additional electrodes. Stand-| 
<234 in. long and 
<1¢ in. in diameter, is capable of 
carrying 5 amp at 115 v and inrush 
American 


a Ses Be 


Teflon Spargers and Liners 


Type-LS sparger is constructed of lami- 
nated Teflon-and-glass fabric with a 
steel reinforcing tube built inside the 
wall. The reinforcing tube, which 
provides the necessary bend strength 
required under severe agitation condi- 
tions, extends from just under the con- 
nector-flange flare to just above the 
sparger holes. Teflon nozzle liners are 
designed for use in reactor vessels, con- 
densers and pumps. Also the lubricat- 
ing properties of Teflon reduce or elimi- 


- BEBEDt eh bre 


A NEW MULTIPLIER 
PHOTOTUBE WITH 
TRI-ALKALI PHOTO-CATHODE 


The cathode embodied in Tube Type 
9558B gives a high quantum efficiency 
of between 15 and 20% in the blue 
region (at 4,200 A°), and an extended 
red response up to 8,500 A®, while the 
dark current remains very low. This 
tube is especially suitable for spectro- 
metry (particularly flame  spectro- 
metry), for scintillation counting with 
materials such as caesium iodide, and 
for scintillation counting of C'*and H’. 





TYPICAL CHARACTERISTICS 





Number of stages 

Overall voltage............ 
Overall sensitivity A/L 

Dark current pA 
Photosensitivity pA/L 











E.M.I. ELECTRONICS LIMITED 
VALVE DIVISION 
HAYES - MIDDLESEX - ENGLAND 


Representatives in U.S. 
H. L. Hoffman & Co., Inc. 
35 Old Country Road, Westbury, N.Y. 
Tel: EDgewood 4-5600 
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nate problems of erosion-corrosion at 
the entry side cf heat-exchanger tubes. 
Shock resistance of the liners gives 
added protection necessary for lining 
fragile nozzle openings of glass- o1 
ceramic-lined vessels.—Resistoflex 
Corp., Roseland, N. J. 


Counting-Rate Meters 


new models of counting-rate 
meters are available in various combi- 
nations of linear, logarithmic and differ- 
ence indications of counting rate. 
Model CRM-2 is linear with 10 ranges 
1 X 10? to 3 X 10%. Model 
CRM-3 provides logarithmic coverage 
over a six-decade range to 10’ cpm. 
Model CRM-4 simultaneously provides 
the linear and log indications of the 
instruments above. Models 2CRM-2 
and 2CRM-3 are dual counting-rate 
meters and incorporate two linear or 


Seven 


Irom 


two logarithmic circuits, respectively. 
Models 2CRM-2D and 2CRM-3D are | 
log dual-differential counting-rate me- 
ters with a difference amplifier added 
enabling the operator to observe the 





difference in counting rate between the 
two primary channels.—The Victoreen 
Instrument Co., 5806 Hough Ave., 


Cleveland 3, Ohio. 


Pulse Generator 


Model PPG-1 pulse generator can cali- 
brate both single- and multi-channel 
pulse-height analyzers. The fast-ris- 
ing, exponentially decaying pulses | 
simulate the output of most radiation | 
detectors. The low-level pulse reduces | 
the high-level pulse by factors of 1, 10, | 
100 or 1,000. The latter is attenuated | 
a factor of 10 when the low-level | 
pulse is attenuated by 10 or 1,000 and | 
is unaffected on the 1 or 100 attenuator | 
positions. Rise time is continuously | 
variable from 50 mysec to 1 msec with | 
output loaded to 50 yuuf.—The Vic-| 
toreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, Ohio. 





by 


Norton Products 
for 


Nuclear Progress 


in reactor development... nuclear 
energy projects... wherever nuclear 
problems exist, Norton products are 
aiding efficiency, safety, progress. 

Ceramic fuel pellets of UOe and 
various dispersions . . . borides for 
control and neutron shielding, in- 
cluding the lightweight, highly- 
stable NORBIDE* (ByC) . . . high- 
purity oxide refractory containers 
for development and _ processing, 


| such as MAGNORITE* (MgO), ALUN- 


| DUM* 


Transistorized Pulser 


Completely transistorized pulse gener- | 
ator (above) operates on battery or a-c 
lines and requires less than 2 watts. 


(AleO3), and Stabilized Zir- 
conium Oxide . . . metallic oxides, 
silicates, and carbides for protection 
and insulation, including ROKIDE* 


| Spray Coatings, and many more. 


In addition, Norton Company 
offers the assistance of an engineer- 


Control and Shield Materials 
Metallurgical Processing Refractories 
Ceramic Fuel Pellets 

Source and Intermediate Materials 
Refractory Supports 

Ceramic Protective Spray Coatings 
other vital components and materials 


ing staff experienced in the develop- 
ment of refractory compounds for 
nuclear use. Take advantage of this 
complete nuclear engineering “‘pack- 
age.”” Write for complete details. 
And ask for catalog ‘‘Norton Prod- 
ucts for the Atomic Program.” 
NORTON COMPANY, 659 New Bond 
Street, Worcester 6, Massachusetts. 
*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 


Pulse width can be varied from 0.5-100| Making better products...to make your products better 


NORTON PRODUCTS Abrasives « Grinding Wheels + Grinding Machines « Refractories « Electrochemicals 
BEHR-MANNING DIVISION Coated Abrasives « Sharpening Stones + Pressure-Sensitive Tapes 


usec with a rise time of <0.1 usec. 
Repetition rate can be 
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FORESIGHT: 
Developing the 
solution before the 





problem comes up 


It takes a long time to translate the 
need for a new aircraft into an actual piece 
of flightworthy hardware. It can take forever 
— if its special operating requirements can’t 
be met by known materials and components. 
Few jets would be in the air today if certain 
industrials — like Purolator — hadn't recog- 
nized that difficult operating conditions had 
to be anticipated long in advance. 

A modern aircraft has a maze of circula- 
tory systems: fuel, air, lubrication, pneu- 
matic, and hydraulic lines . ... instrument 
systems, etc. — with filters playing an im- 

/ portant role in each. In 

high performance jets 

extremes of temperature, 

pressure, flow and struc- 

tural strain... and the 

need to handle chemi- 

cally-active fluids... preclude the use of the 

kinds of filters which had proved adequate 

for older aircraft. To fill the gap, our engi- 

neers some years ago developed Purolator’s 

famous porous metal filter medium. This 

type of filter has since been brought to a 
high degree of efficiency. 

Purolator makes these media by a unique 
method of fusing metal 
powders of controlled par- 
ticle size to obtain the de- 
sired porosity. The metals 
used are matched to speci- 
fic service requirements — 
and include all grades of stainless steel, 
nickel, monel, Inconel, Hastelloy, bronze, 
gold, silver, etc. 

We can fabricate these media into almost 
any shape you care to name. We can control 
pore size to within 10% even when down as 
small as 0.2 microns. We can sinter the ele- 
ments to fittings of the same or other mate- 

: rials, We can vary wall 
thickness from .015 inches 
up. We can apply thin 


layers of porous metal to 
4 other types of media. We 
can squeeze 500 square 


inches of filter area into an element 31% 
inches in diameter and 10 inches long. 

Many of these filters can withstand pres- 
sures up to 6000 psi... temperatures from 
~420° to 1200°F...severe corrosive environ- 
ments. In addition to aircraft, they’re being 
widely used in chemical, nuclear, petroleum 
and other industries — for filtration, con- 
tamination control, separation of liquids, 
and diffusion applications, 

“Filter Media Selection Chart”—giving 
corrosion and temperature factors for all 
known media—is a valuable reference to 
have on hand. Write us—it’s yours free. 


OPKivace 


Jules P. Kovacs, V.P. 
Filtration For Every Known Fluid 


PURQOLATOR 


PRODUCTS, INC. 


Rohwoy, New Jersey and Toronto, Ontorio, Conede 
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varied between 20 and 5,000 pps.— 
Solidyne, 7460 Girard Ave., La Jolla, 
Cal. 


Fast Sampling Oscilloscope 


Ultrahigh-speed oscilloscope (above) 
features a linear 5-in. cathode-ray-tube 
display, rise time above 
sensitivity better than 3 mv/cm and 
sweep speeds up to 40 wusec/em. The 
instrument employs a sampling tech- 
nique and takes amplitude samples 
from successive, unamplified repetitive 
pulses. Each sample is slightly later 
than the preceeding one. 
rather than the pulse, 
Lumatron Electronics, 
e., Westbury, N. Y. 


400 pyusec, 


a, 
» amplified. 
Tne . 68 Urban 


Solid-State Printer 


Model 400C-T solid-state printer is 


| compatible with all makes of solid-state 


counting equipment having a 4-line 
-2-3-4 binary-coded decimal output. 
The printer uses transistorized plug-in 
drivers for each digit. The plug-in 
modules can be changed to match a 
variety of outputs from transistorized 
equipment. Features include 4 
lines/sec printout, no stepping switches, 
parallel entry and standard 6-digit 
printout.—Computer-Measurements 
Co., 5528 Vineland Ave., No. Holly- 
wood, Cal. 


also 


4 _ 
3 & oe 


) SCINTILLATORS 


for neutron 
detection 


@ Boron Polyester (type 
NE400) detectors with 
natural or enriched B10 
for thermal neutrons. 


Fast neutron detectors 
(type NE404) consist of 
ZnS(Ag) in hydrogen- 
ous medium with effici- 
ent annular light guide 
system. 


Plastic Phosphor NE102 
(now furnished with 
new efficient compacted 
powder reflectors) for 
fast neutron detection by 
proton recoil. 


® Liquid Scintillators load- 
ed with Cd, Gd, B or Sm. 


Other products include 
new detectors for tracer 
counting and radio-auto- 
graphy. 


NUCLEAR 
ENTERPRISES LTD. 


WINNIPEG 9, CANADA 
Associate Co.: Nuclear Enterprises 





(C.B.) Led 
Sighthill, Edinburgh ||. Scotland 


Gadolinium, po aan chlori 
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—— taacetat 
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Gallium lium nit 


Gallocyanin, Gallo oe’ — 
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acid, 
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Gitoxigenin, Gitoxin, Gliadin 
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curonidase, Gluc 
tamic acid, Glut 
dioxime, Glutar 
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C''-Labeled Compounds 


n-acetyl-1-C'-l-glutamie acid is avail- 
able in an extremely pure compound 
analyzed by enzymatic techniques. 
Beta-alanine-1-C™ is also available; it 
is analyzed by paper chromotography 
and radioautography and is free of 
chemical and radiochemical impurities. 
n-pentane-1-C™, n-pentane-2-C'™ and 
n-pentane-3-C'™, which are stocked are 
analyzed and fractionated by gas 
chromotography.— Research Speciali- 
ties Co., 200 S. Garrard Blvd., Rich- 
mond, Cal. 


Limit-Switch—Stop 


Continuously adjustable limit-switch- 
stop features a single exterior range- 
adjustment screw permitting rapid ad- 
justment to any angular rotation from 


0 to 25 turns. The switch is actuated | 


at either end of shaft travel just prior 
to contact with nonlocking limiting 
stops. Torque capacity at end stops 
is 40 oz-in.—Precision Mechanisms 
Corp., East Meadow, N. Y. 


Thermoelectric Junction 


Type TA-11 thermoelectric junction 
(above), designed for application in 
cooling, heating, power generation 
and/or dynamic heat transfer, uses n- 
and p-type bismuth-telluride alloys in 
crystalline form. Temperature differ- 
ences of up to 70° C can be obtained; 
the cold-junction temperature is below 
0° C in this instance.—Ohio Semicon- 
ductors, Inc., 1035 W. Third Ave., 
Columbus 8, Ohio. 


High-Vacuum Pumps 


Oil diffusion pumps in 2- and 10-in. 
models have greater capacity, smaller 
size than older models. Speed of 2-in. 
model is 80 1/see at 0.1 micron Hg, of 
10-in. model is 2,600 1/sec with an ulti- 
mate pumping pressure of 5 X 107’ 
mm Hg. A 300-cfm, 2-stage mechani- 
cal booster pump provides very high 
pumping speeds over a 1 mm-0.5 
micron range. A Roots-type blower 
and rotary gas ballast unit are con- 
nected in series and independently 


driven with induction motors.—NRC | 
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NEW -- tiie Victoreen 


Tullamore Model PHA-120 100-Channel 
Pulse Height Analyzer with 20-Channel Storage. 


PULSE HEIGHT ANALYZER 


The Tullamore PHA-120 Analyzer—by Victoreen— 
is one of the most practical instruments available for 
low or moderate counting rate spectrometry. Features 
include uniform channel widths without adjustments 
.. . coverage of 100 channels in five steps . . . exact 
alignment of end channels in groups . . . no data dis- 
tortion up to 6000 cpm per channel . . . price that is 
as low as many single-channel instruments. 


AA-9737 


The Victoreen Instrument Company 
5806 Hough Avenue ¢ Cleveland 3, Ohio 
WORLD'S FIRST NUCLEAR COMPANY 





PUZZLED 


or 


POSITIVE 


about 


ATOMIC 
ENERGY CONTROLS ? 


Complying with tight atomic energy controls 
is a tough job thar calls for continuing alert- 
J 
| 
| 


ness and know-how. That's why business- 
men with a stake in atomic energy and its by- 
products need positive, dependable guidance 
and help on federal and state regulation and 
control over its commercial, industrial, re- 
search, and military applications. 

Published by Commerce Clearing House, 
Inc., foremost in Tax and Business Law Re- 
porting for over 45 years, ATOMIC ENERGY | 
Law Reports offer sound, essential inform- 
ation about the controlled uses of atomic | 
energy for helpful guidance of business and 
its advisers. 

Subscribers receive all the federal and state 
rules relating to atomic energy, including 
full protective and explanatory information | 
concerning : 

ATOMIC ENERGY PROGRAM, Aromic 

Energy Commission, Background Program 

CONTRACTS AND PROCUREMENT, 

Labor Relations, Taxation 

ATOMIC MATERIALS, Source, Special Nu- 

clear, By-Products 

ATOMIC ENERGY USES, Power, Research, 

Commercial and Industrial, Military 

LICENSES, Issuance, Regulation, Revocation, 

Procedure. 
HEALTH AND SAFETY, Persons, Property, 
Atomic Wastes, Insurance, Transportation 

PATENTS, Invention, Awards, Royalties 

INFORMATION CONTROL, Security 

stricted Dara, Classification 

INTERNATIONAL ACTIVITIES, 

Cooperative Agreements 
STATE REGULATION 
AEC ADMINISTRATIVE ACTIONS 


Keeping on Top of Atomic Energy Rules is Easy | 
If you need an understandable explanation of | 
current atomic energy rules and how they are 
applied, use the handy coupon below to 
request full details about CCH’s ATOMIC 
ENERGY LAW REPORTS. 


Re- 


Exports, 


COMMERCE CLEARING HOUSE, Inc. 
4025 West Peterson Ave., Chicago 46, Ill. 


Send us further details on your ATOMIC ENERGY 
LAW REPORTS — no obligation, of course. 


Name & Title. 





Firm 





Address 


© Also ‘send details on CCH GOVERNMENT 
CONTRACTS REPORTS. 





NU-1059 


ComMERCE CLEARING HOUSE. INC. 


46 N 4INGTON 4 


|out opening the freezer. 
| | tional 40 samples can be stored in the 

one om 

| freezer.—Tracerlab, Inc., 1601 Trapelo 
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Equipment Corp., 160 Charlemont St 


Newton, Mass. 


King-Sized Vacuum Pump 


King-sized Model 1713 mechanical! 
booster vacuum pump (above) has 
6370-cfm displacement. The pump 
has a two-stage high-speed system con- 


| sisting of a high-capacity Roots-type 


dry blower backed by a gas-ballasted 
rotary piston-type mechanical vacuum 
pump. This combination offers high 


| pumping rates in the pressure range 


from 1 mm to 10 microns.—F. J. Stokes 
Corp., 5500 Tabor Rd., Philadelphia 
20, Pa. 


High-Vacuum System 


Ultrahigh vacuum system can exceed 
1 X 10-° mm Hg in a stainless-steel 
chamber 12-in. dia by 18-in. high. The 
chamber is equipped with two 2-in. 
windows, rotary-motion and electrical 
feed-throughs. The work chamber is 
enclosed in a mild-steel outer chamber 
that has two corresponding 2-in. win- 
dows and is fitted with heating ele- 
ments, radiation shielding and water 
cooling coils—Kinney Mfg. Div., The 
New York Air Brake Co., 3529 Wash- 
ington St., Boston 30, Mass. 


Liquid Scintillation Counter 


| LCS-10 is a low cost semiautomatic 


liquid scintillation counter designed for 
precision analysis of low energy beta 
emitters. System consists of open-top 
freezer and 4-ft instrument 
Sample changer holds forty 20-ml glass 
vials; all samples can be counted with- 


An addi- 


console. 


Rd., Waltham 54, Mass. 


Ceramic Insulation 


Radiation-proof high-temperature ce- 
ramic insulation is completely boron- 


| and cobalt-free with a resulting capture 


cross section of less than 20 barns. 


The material, which has a temperature 
rating of 1,000° F for continuous oper- 
ation, has been coated on wire 10-mils 
thick or thicker. Conductor materials 
have included aluminum, nickel-clad 
copper, Chromel, Alumel and Constan- 
tan.—Technical Industries Corp., 389 
N. Fair Oakes Ave., Pasadena, Cal. 


Metallographic Samplemover 


Used for grinding and polishing metal- 
lographic specimens, the samplemover 
to six specimens 


accommodates up 


simultaneously. By means of adapt- 
ers, specimens of different diameter 
can be processed at the same time. A 
liquid brake is used to assure proper 
relative movement of the disc and sam- 
ple—William J. Hacker & Co., Inc., 
P.O. Box 646, West Caldwell, N. J. 


Duplex Pump Controls 


Type-DP duplex pump controls permit 
two pumps to operate either individu- 
ally or in conjunction depending upon 
the pumping rates required. Remote 
motor control is provided with such 
pilot devices as pressure switches, float 
switches and maintained-contact push 
buttons.—The Arrow-Hart & Hegeman 
Electric Co., 123 Hawthorn St., Hart- 
ford, Conn. 


Closed-Circuit Television 


Radioactive fuel elements can be ob- 
served with a closed-circuit television 
system (above) as they are inserted or 
withdrawn from the core of the Sodium 
Reactor Experiment. A miniature 
camera, 2}¢-in.? by 744-in. long is posi- 
tioned inside the shielded cask that 
transfers the fuel elements. An ele- 
ment is pulled through an indexing ring 
with a small window in the side for the 
TV pickup. Twelvesmall lights within 
the indexing ring provide illumination. 
The camera has a 16-mm f/2.5 pre- 
focused lens.—Photo Research Corp., 
837 N. Cahuenga Blvd., Hollywood 38, 
Cal. 
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Auto-Zoom Lens 


The auto-zoom lens (above) for indus- 
trial TV cameras enables a camera to 
operate with a continuously changing 
field of view. Equivalent lens range is 
30-150-mm. Zoom, iris and focus ad- 
justments are controlled by three sepa- 
rate d-c motors and have varying ad- 


justment rates. The control motors, | 
shielded to minimize radio interference, | 

. " | 
are regulated by a series of micro- 


switches. The lens is color-corrected 
and has a speed of f/2.7 from 30 to 
120 mm and better than [/3.5 from 
121 to 150 mm.—KIN TEL Div. of 


Cohu Electronics, Inc., Box 623, San | 


Diego, Cal. 


Tantalum-Tipped Thermowells 


Tantalum’s heat-transfer character- 
istics enable new thermowells to re- 
spond promptly to changes in bath 
temperature. They can be used with 
glassed-steel process equipment and are 
resistant to damage from either thermal 
or physical shock. Two thermowells 
8¢ in. and }¢ in. i.d. with rated external 
pressures of 400 and 270 psi respectively 
are available-—The Pfaudler Co., 1090 
West Ave., Rochester, N. Y. 


Hotplate Magnetic Stirrer 


Electric hot plate combined with vari- 
able-speed magnetic stirrer (above) can 
be operated as an independent stirrinz 
unit, as a heating plate or as both simul- 
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Original painting by Oli Sihvonen, Taos, N. M. 


Experimentation in nuclear particle motion and 
energy—one of our many probes into the future. 





LEVINTHAL 


scintillation transducer 
(integrally packaged 5-in. crystal, photontultiplier, and preamplifier) 


Combination of these elements improves trans- and improved optical clarity, documented in 
mission, increases pulse height, and optimizes 
resolution, 

Levinthal Nal(TI) crystals, produced in a new 
facility backed by several years of research, 


offer improved uniformity of thallium distribution 


routine monochromator recordings. 

Send for data sheets or additional information 
on these transducers or on Levinthal crystals 
either unmounted or specially mounted to meet 
your individual requirements. Contact: 


b 


LEVINTHAL ELECTRONIC PRODUCTS, INC. 
STANFORD INDUSTRIAL PARK PALO ALTO 3, CALIFORNIA 


| 
permanent 


NUCLEAR DIVISION 


A sleeve, raised 
and lowered with- 
in a@ nonmagnetic 
tube, attracts or 
releases an Alnico 
magnet attached 


switch. Basically, 
this is Magnetrol. 


The operating principle 


renee ame 


behind MAGNETROL 


a rset 


WP uiquip LEVEL CONTROL 


Because its operating principle, based on the proper 

use of a permanent magnet, guarantees a perpetual 

guardianship over your critical liquid levels, the Mag- 

netrol liquid level control unobtrusively takes the most 

important place in any system or process where it is 
necessary to keep a liquid at a constant level. Principle and 

action are so simple that failure is virtually impossible. Mag- 
netrol is versatile, too—will handle almost ANY liquid, at ANY 
temperature, at ANY pressure, with the same precision and 
dependability. No mechanical or electrical linkages to stick, bind, 
ride out of line or wear out. Available for controlling level changes 
from %” to 150 ft. Multi-stage switching when desired. Write to 


MAGNETROL, Inc.., 2115 S. Marshall Bivd., Chicago 23, Illinois 


PRODUCTS & MATERIALS 


Department starts on page 118 


Stirring bars are available 
in various sizes.—Central Scientific Co., 
1700 Irving Park Rd., Chicago, III. 


taneously. 


High-Temperature Furnace 


Resistance furnace for laboratory use 
(above) operates up to 5,000° F and has 
inert-gas atmosphere, graphite heating 
element and carbon insulation. Read- 
ily modified standard unit has a 4-in.- 
dia heating chamber that is 8 in. high. 
Tubes at top and side of the furnace 
allow sighting for temperature readings 
and automatic control.—Curtiss- 
Wright Corp., Santa Barbara Div., 
P.O. Box 689, Santa Barbara, Cal. 


Recorder-Controller 


Mark III 4-in. strip-chart recorder-con- 
troller (above) has an inking system 
that operates a month without refill. 
The pen mechanism provides a bolder, 
more uniform line over the entire chart 
width. The instrument also features a 
flip switch for reversing controller ac- 
Large control knobs permit oper- 
ation with gloves on.—Fischer and 
Porter Co., 143 Jackson Rd., Hatboro, 


Pa. 


tion. 
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ImV 
3mV 
10mV 
30mV 
100mV 
1V 


full scale 
full scale 
full scale 
full scale 
full scale 
full scale 

3V full scale 
10V full scale 
30V full scale 
100V full scale 


These are the Ranges of the BRAND NEW 
Mercury Relay PRECISION SLIDING PUL- 
SER, model 413, for precise calibration and 
test of pulse-height analyzers and other nu- 
clear instrumentation. Write to us for com- 
plete specs 
. MmICkOSEEe 
pecayite = 
1 ie 


@- 100 vours ™. 
— 


Model 413 has manual and motor drive. 
rise and exponential decay simulate 
from scintillation, proportional, or 
(seiger counters 


The 
ts fast 
pulses 


Window widths are determined AUTO- 
MATICALLY, 10X MORE ACCURATELY, 
40X FASTER than with conventional pulsers. 
Power Supply Highly stable regulated 
supply with built-in  po- 
tentiometer circuit 
Self-contained standard 
cell and null indicating 
circuit for precision ad- 
justment, 
Rise Time Less than .003 microsec. 
Decay Time Con- 1, 3, 10, 30, 100 micro- 
tant seconds. 
olarity Polarity switch for posi- 
tive or negative pulses. 
0-100 volts in 10 ranges. 
All ranges continuously 
variable from zero. 


Calibration 


Ranges 


Price $630.00 f.0.b. Silver Spring, Md. 


RADIATION INSTRUMENT CO. 


P.O. Box 733 Silver Spring, Maryland 











_ NEW! BENDIX 


200m 


DOSIMETER 


%& MEASURES INTEGRATED EXPOSURES 
TO X AND GAMMA RAYS 


%& CONVENIENTLY CARRIED FOR 
PERSONNEL MONITORING 


%& PROVIDES EASY DIRECT READING 


Product of famous Bendix precision 
craftsmanship, this 200mr Dosimeter 
offers the utmost quality and reli- 
ability. Weighs less than 1'4 ounces. 
Only 4%" long and '}:" in diameter. 
Highly shock resistant. Approved 
for matching fund procurement by 
OCDM. Write BENDIX AVIATION CORP., 
Dept. G10, 3130 Wasson Road, 
Cincinnati 8, Ohio. 


Cincinnati Division 
Cincinnati, Ohio 


Canadian Sales: Computing Devices of Canada, Ltd., 
Box 508, Ottawa 4, Ontario. Export Sales: Bendix 
international, 205 E. 42nd Street, New York 17, N.Y. 
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LITERATURE AVAILABLE | Cy 


= 
ie 


Radioisotopes. ‘How to Evaluate an 
Analytical Method with Radioiso- 
topes.”” 4 pp.; Nuclear-Chicago 
Corp., 229 W. Erie St., Chicago 10, 
Ill. 


‘Labeled Compounds.’’ 24 pp.; Volk 
Radiochemical Co., 5412 N. Clark 
St., Chicago 40, II. 


Flame spectrophotometry. Bulletin 
753, 1 p.; Beckman, Scientific and 
Process Instruments Div., 2500 Ful- 
lerton Rd., Fullerton, Cal. 


Scalers, ionization chambers. Bulle- 
tins 144, 164, 166, 6 pp.; Technical 
Associates, 140 W. Providencia Ave., 
Burbank, Cal. 

Spectrographic chemical equipment, 

pp.; Na- 

tional Spectrographic Laboratories, 


laboratory services. 36 


Inc., 6300 Euclid Ave., Cleveland 3, | 


Ohio. 

‘Isotope Manipulators.’’ 4 pp.; Nu- 
clear Research Applications Ltd., 
Emefco House, Reigate, England. 


‘Radioisotopes in Industry, Research, | 
Medicine and Education.’ 28 pp.; | 


Atomic Accessories, Inc., 244-02 
Jamaica Ave., Bellerose 26, N. Y. 


‘‘Chromatographic Materials.’’ 8 


pp.; Research Specialties Co., 200 8. | 


Garrard Blvd., Richmond, Cal. 


Solenoid and spray valves. 4 pp.; 
Automatic Switch Co., 50-56 Han- 
over Rd., Florham Park, N. J. 


Magnetic amplifier systems. Bulletin 
8-963, 8 pp.; Magnetic Amplifiers, 
Inc., 632 Tinton Ave., New York 
55, N. Y. 


‘Electrostatic Generators.'’ 6 pp.; 
Sorensen & Co., Inc., Richards Ave., 
So. Norwalk, Conn. 


Ten-digit direct-readout tube. 2 pp., 
and glow-tube scaler, 2 pp.; Baird- 
Atomic, Inc., 33 University Rd., 
Cambridge 38, Mass. 


ITREOSIL FUSEDC 


Isotope casks and containers in| 


standardized sizes. 


4 pp., The Ed-| 


low Lead Co., 729 Bank St., Colum- 
} 


bus, Ohio. 


Microfilter. 
Corp., Bedford, Mass. 


Automatic X-ray spectrograph. 8 
pp.; Philips Electronics, Inc., In- 
struments Div., 750 Fulton Ave., | 
Mount Vernon, N. Y. 


6 pp.; Millipore Filter | 


Name 
Street 


i= 





OFFERS THE FINEST 
PROPERTY VALUES 
FOR FINER PRODUCTS 


@ Absolute Chemical 
Purity 

@ Extreme Heat 
Resistance 


@ Thermal Shock 
Resistance 


@ Chemical inertness 


@ Outstanding Electrical 
Properties 


@ Full Range Radiant 
Energy Transmission 


In laboratories and other 
applications where critical 
requirements must be met, 
there is no room for second 
best. Vitreosil possesses 
properties of greatest value 
for: 
tions, metallurgical investi- 
gations, chemical research, 
photochemistry, spectrosco- 
py, and many uses in phys- 
ical, optical and electrical 
research as well as prod- 
uct operations. 


ultra-violet applica- 


Vitreosil is available in an 
unusually wide variety of 
types and sizes—Or, we'll 
be happy to fabricate to 
your specifications. Write 
us about your requirements 
today. For your conven- 
ience, use the coupon be- 
low. See our ad in Chemical 
Engineering Catalog. 
THERMAL AMERICAN 
FUSED QUARTZ CO., INC 
Salen 
New Jersey 


18-20 Street 


Dover 


Please send technical data on 
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PACKING 
SPECIAL RESIN 
AT ILLCO PLANT 


5 Ei 


| log. 


NUCLEAR GRADE 
EXCEPTIONALLY PURE 
SUPER-REGENERATED 


ILLCO Nuclear Grade Resins are 
specially treated to remove the or- 
ganic matter and inorganic materials 
which are found in ordinary ion- 
exchange resins, after which treat- 
ment they are super-regenerated on 
any selected cycle. Nuclear Grade 
Resins are suitable for research and 
process applications where higher- 
than-ordinary purity of the resin is 
required. Nine standardized types are 
available, and special types can be 
produced on request. 





USED AT SHIPPINGPORT 


LLCO Nuclear Grade Resins ore used to purify 
water used for heat transfer and shielding at 
the great new pioneering atomic energy power 
plant at Shippingport, Pa., a joint project of the 
Atomic Energy Commission and Duquesne 
Light Company of Pittsburgh. 











WRITE FOR THIS 
DATA SHEET 


Gives information on all 
types of Technical and 
uclear Grade Resins, 
together with clear il- 
lustrations of — 
tant ILLCO color 


indicator. 
TREATMENT CO. 
840 Cedar St. 


TL MAY | Rockford, Ill. 


NEW YORK OFFICE: 141 E. 44th St., New York 17, N.Y. 
CANADIAN DIST.: Pumps & Softeners, Lid., London, Ont. 
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INDUSTRY NOTES 





*Anton Electronics Laboratories, 
Brooklyn, is being “spun off” (i.e., 
| dropped as a subsidiary) by its parent 
firm, U. S. Hoffman Machinery Corp. 
Subject to Hoffman stockholder ap- 
proval, Anton will be merged with 
Inter-Continental Manufacturing Co., 
Garland, Tex., another Hoffman sub- 
sidiary, to form Anton-Imco Electronics 
Corp. 


*Tracerlab has been on a 55-hour 
week since early August to catch up 
'with a record, $3.5-million order back- 
Despite—and possibly because of 
| —the high level of business—Tracerlab 
suffered a loss of $227,000 for the first 
‘half of 1959; $154,000 of the loss was 
| laid to increased development and sales 
| effort. 


| © Mahony-Troast Construction Co., 
| Clifton, N. J., has begun construction 
| of two buildings to house a research re- 
| actor and a radioactive materials labo- 

ratory at the Sterling Forest, N. Y., re- 
| search center of Union Carbide Nuclear 

Co. Completion target is the fall of 

1960. The AMF-built, 5-Mw reactor 
|to go into the Center has been ready 
| for some time. 


'NEW FIRMS. Three groups of Oak 
Ridge, Tenn. scientists have established 
| nuclear firms: Chemical Separations 
Corp., P.O. Box 149, Oak Ridge, Tenn., 
| for contract research and production of 
ion-exchange and _ solvent-extraction 
‘units; FairPort Instruments, Inc., 270 
| Midway Lane, Oak Ridge, to develop 
and manufacture electronic instruments 
for nuclear measurements; and Tennes- 
see Technical Translators, P.O. Box 
| 322, Oak Ridge, to do technical litera- 
|ture work (translations, literature 
| searches, special reviews). . . . Radon 
Research Foundation, Boulder, Mont., 
| has been chartered to do research on 
| uranium, thorium and other radioactive 
|minerals. . . . U. S. Shielding Corp., 
| White Plains, N. Y., has organized a 
group of engineers with radiation- 
shielding experience to design and build 
fallout shelters for residential, commer- 
cial and government buildings in the 
New York area. . . . Nuclear Decon- 
tamination Corp., Apollo, Pa., for de- 
contamination of clothing, has been 
formed by Nuclear Materials and 


ILLINOIS WATER | Equipment Corp. of Apollo and Iron 


City Industrial Cleaning Corp. of Pitts- 
burgh; simultaneously Numec has in- 
augurated a decontamination service 
of its own for equipment and other non- 


clothing items. Nuclear Decontami- 
nation will operate a fleet of trucks to 
the northeast and south to the state 
of Georgia. 


EXPANSIONS. A distribution, in- 
stallation and service facility has been 
established by Baird-Atomic in Kleve, 
West Germany, for its line of spectro- 
graphic instrumentation. . . . Hughes 
Aircraft has created a nuclear elec- 
tronics laboratory—as a new depart- 
ment—to direct the firm’s growing nu- 
clear activities. ... Foote Mineral 
Co. has broken ground for a $2.2-mil- 
lion research and engineering building 
near Exton, Pa. . . . American Metal 
Products expects interim operation in 
December and full operation in 1960 of 
a new research, engineering and devel- 
opment center at Ann Arbor; the facil- 
ity will serve AMP’s growing emphasis 
on high-temperature materials for nu- 
clear and missile applications. .. . 
Victoreen Instrument has acquired an 
interest in Federal Manufacturing and 
Engineering Corp., Garden City, N. Y. 


FINANCIAL. Beryllium Corp. asked 
its stockholders late in September to 
okay a 2-for-1 stock split and to in- 
crease authorized common stock to 3- 
million shares from 1.2-million; Beryl- 
lium reported sales of $10,720,462 and 
earnings of $1.29 per share for the first 
six months, compared with $6,658,697 
in sales and 9 cents/share in earnings 
for the same period last year. Sales 
objective this year, the firm said, is 
$20-million. . . . National Research 
Corp. reported a loss of $100,534 for the 
first six months but said it looked for a 
substantially better showing in the sec- 
ond half of the year. 


NEW BUSINESS. Under several 
Navy contracts totaling $1,250,000, 
Specialty Electronics Development has 
gone into production with an ultrasensi- 
tive radiation detector; the firm has 
also completed development of a per- 
sonal dosimeter—recording exposure 
cumulatively—and expects to market 
5,000,000 to the armed forces within 
two years. . . . Gilliland-NRI (NU, 
Sept. ’59, 157) has sold Franckenstein 
measuring projectors—for $100,000 
each—to Duke and Yale Universities. 
. . . Nuclear Systems div. of Budd Co. 
has delivered a Hotrodder radiation 
unit to Shell Chemical Corp. for use at 
its synthetic rubber research center; 
the unit is designed to contain 20,000 
curies cobalt-60. 
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wuctean campus FROM AHMOKPITOS 
WI 


training-reactor grants program when | 


Congress appropriated only $1.8-mil- | 
lion of the $3.1-million requested for | TO 
grants during the current fiscal year | 
(ending June 30, 1960). The program 


of reactors up to 10-kw for campus in- 


has been the major force for purchase | BC TO D 
400 1959 A 


stallation. Congress gave AEC an- 
other $2-million for transfer to the 
National Science Foundation for sup- 


port of campus reactors for research. | 
* AEC grants in support of nonreactor | 


facilities have gone to two schools: 


1. The Univ. of North Carolina was | 
given $98,000, primarily for the pur- | 
chase of a 2-Mev Van de Graaff accel- 


erator. 
month. 2. Some $100,000 worth of 


uranium (24g tons) and plutonium- 


Delivery is expected this | 


beryllium (80 gm) has been lent to | 


Stevens Institute of Technology—with- 


out charge—to fuel an underground sub- | 


critical reactor now under construction. 


® U.S. Radium Corp. has launched an | 
apprentice training program at its | 
Bloomsburg, Pa., plant designed to | 


create a manpower reservoir for its 
growing nuclear operations. 
vania high school graduates and college 
students on vacation are being given 
intensive training courses. 


COURSES. 


isotope training. Four courses will be 


Pennsyl- | 


Beginning in 1960, the | 
Oak Ridge Institute of Nuclear Studies 
will offer a revised curriculum in radio- 


offered: basic radiation physics (two | 
weeks); followed by simultaneous | 
courses in radioisotope research tech- | 
niques and industrial radioisotope | 
techniques (two weeks each); and, | 


finally, special industrial and research 
techniques (two weeks). Thus, over a 


six-week period as many as three courses 


will be available, although only 24 
applicants will be accepted for the final 
course as against 72 for the basic course. 
Metals Engineering Institute, home 
study division of the American Society 
for Metals, is offering metals for nuclear 
power. Contact MEI, Dept. FS-3, 
7301 Euelid Ave., Cleveland 3, Ohio. 
New York University-Bellevue Medi- 


cal Center Post-Graduate Medical 


School is offering introduction to radio- | 


logical health (Oct. 12-23), radiologi- 
cal health laboratory (Oct. 26—Nov. 6), 
radiochemical analysis (Nov. 9-20), 
medical and public health control of 
ionizing radiation (March 7-18) and 
radiation hygiene measurements (Apr. 
18-May 13). Contact the dean, 550 
First Ave., N. Y. 16, N. Y. 
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Old Democritus, the ““Laughing Philosopher’ who first dreamed up the atom, 
never heard of Vitro. But today, nearly 2,400 years later, Vitro is a leader in atomic 
energy. Proof of Vitro’s nuclear leadership, particularly in radiation technology, is 
that Vitro engineers have designed and engineered more “hot” laboratories than 
any other company. 

Among the newest of these are the Cornell Center for Nuclear Technology, 
Ithaca, N. Y., a high level radiation facility at the Naval Research Laboratory, 
Washington, D. C., a 5,000-kw nuclear research reactor facility for CAMEN, an 
Italian Navy Department at Livorno, and the Ispra Center for Nuclear Research, 
also in Italy. There are many other current nuclear contracts, including a plutonium 
laboratory, and a nuclear fuel reprocessing plant, both at Oak Ridge. 

For design and engineering in the nuclear field, look to Vitro. 


Vitro makes tomorrow's technology available today! 


MT 


CORPORATION of AMERICA 
261 MADISON AVENUE, NEW YORK 16, N.Y. 








FREQUENCY 
RESPONSE 
for PROCESS 
CONTROL 


Just Published. Presents the fundamental meth- 
ods of frequency response and their application 
to the analysis, testing, and design of process 
control systems. It explains the analysis of com- 
plete systems by means of highly effective tech- 
niques, and gives typical solutions to many prac- 
tical problems. Covers theory with attention 
given to distance-velocity lag, linear lag, and 
stability considerations. Methods of analysis 
controller responses, and closed loop perform- 
ances are explained, and all of these fundamentals 
are applied to actual process control problems 
By W. I. Caldwell, Taylor Instru. Co.; G. A. 
Coon, U. of Conn.; and L. M. Zoss, Valparaiso 
U. 390 pp., 6 x 9, 267 illus., $11.50. 


INSTRUMENTATION IN 


SCIENTIFIC RESEARCH 


Electrical Input Transducers | 


Just Published. A complete collection of basic 
methods and systems used as input transducers in 
electrical instrumentation. Virtually all trans- 
ducers for mechanical, thermal, magnetic and 
electrical quantities, and optical and nuclear 
radiation are covered. For each transducer the 
p0k describes physical mechanisms, relationships 
between input and output, applications and limi- 
tations, errors, response to environmental influ- 
ences, and other aspects. By K. S. Lion, Mass. 
Inst. of Tech. 310 pp., 297 illus., 


INTRODUCTION TO 
NUCLEAR ENGINEERING 


Takes a down-to-earth engineering approach to 
the nuclear-energy field, covering in detail sach 
topics as reactor theory, radiation shielding, re- 
actor materials, instrumentation and _ control 
separation of stable isotopes, chemical process- 
ing, remote handling, etc. New edition brings 
ou much previously classified material. By 
ichard Stephenson, formerly Senior Design En- 
ineer, Oak Ridge National Laboratory. 2nd 
Ed.. 491 pp., 170 illus., 57 tables, $9.50. 





6 books in one! 


ENGINEERING MANUAL 


ick answers to engineering problems, 
p= * ing fields outside your own—a practical 
reference of data and methods in architectural, 
chemical, civil, electrical, mechanical, an 
nuclear engineering. Covers most-needed es- 
sentials — everything from basic principles to 
applications. Prepared by a staff of specialists. 
Editor, R. H. Perry, U. of Oklahoma, 680pp., 
450 illus. and tables, $9.50 


FREE EXAMINATION 


See for 10 days free 


McGRAW-HILL 
ON-APPROVAL COUPON 











McGraw-Hill Book Co., Dept. NU-10 

327 W. 41st St., N.Y.C. 36 

Send me book(s) checked below for 10 days 
examination on approval. In 10 days I will 
remit for book(s) keep, plus few cents for 
elivery costs, and return unwanted book(s 
(We pay delivery costs if you remit 
same return privileges 


Frequen. Res. for Proc 


postpaid. 

with this coupon 

(-) Caldwell, et. al 
Control, $11.50 

{} Lion—Instrumen. in Scientific 
$9.50 


Research, 


C) Stephenson—Intro. to Nuclear Engrg., 
$9.50 


() Perry—Engineering Manual, $9.5 
(PRINT) 

Name 

Address . 

City... 

Company 

Position : 
For price and terms outside U.S. 
write McGraw-Hill Int’l., N.Y.C. 


Zone 
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NEWSMAKERS 


Paul Schall, Jr., chief of radioisotope 
and radiation research at Battelle 
Memorial Institute, has left Battelle to 
join the Hallam reactor program at 
Atomics International. The Hallam 
sodium-graphite reactor is being de- 
signed for food-processing capability, 
as well as a source of heat for conversion 
to electricity. 


H. R. Schmidt has been named manager 
of the chemical laboratory at Knolls 
Atomic Power Laboratory. He suc- 
ceeds W. M. Cashin, manager of 
KAPL’s materials development group. 


New manager of the Metals & Controls 
div. of Texas Instruments is E. O. Vet- 
ter, TI vice-president. Vetter 
ceeds C. J. Thomsen, who has returned 
to TI headquarters in Dallas as vice- 
president, control and finance. Mean- 
while, an Oak Ridge scientist, Roger C. 
Waugh of the Metallurgy div., has 
joined M & C Nuclear as project engi- 
neer for industrial fuel elements, he will 
help develop fabrication and production 


suc- 


techniques. 


Two key posts have been filled at Picker 
X-Ray Corp.: John M. Gleeson has 
elected 
president and 
Donalee L. Tabern 
has been appointed 


been vice- 


director of radioiso- 
tope education in 
the Nuclear 
Gleeson joined 
Picker in 1942, 
elected secretary in 
1949 and a director 
He was treasurer and assist- 


div. 


was 
Gleeson 


in 1950. 
ant general manager of Westinghouse 
X-Ray Corp. be- 
fore he joined 
Picker. Tabern 
retired as head of 
the Radioactive 
Pharmaceutical 
div. of Abbott Lab- 
oratories earlier this 
year (NU, June 759, 
149). He founded 
the Abbott radio- 
pharmaceutical program shortly after 
World War IT. 


Tabern 


Two new staffers: at Atomic Accessories 
are: Jim Lunny, formerly of Nuclear 
Corp. of America, who has opened a 
Detroit office for AA; and Ed Kerzner, 


formerly of Curtiss-Wright, who has 
been named administrative assistant to 
President Jack Carlin. 


Robert C. Koch, a specialist in activa- 
tion analysis, has been named assistant 
manager of the Chemistry dept. at Nu- 
clear Science and Engineering. 


A committee of four industrialists and 
chaired by Lauchlin M. 
Currie of Babcock & 
Wilcox been 
established by the 


one educator 
has 


Engineers Joint 
Council and the as- 
groups 
sponsoring the an- 
nual Nuclear Con- 
gress. The 
mittee will lay out 
objectives of the 


sociated 


com- 


Currie 


Congress, decide policy issues and han- 
dle relations with other organizations. 
Two former sponsors of the annual 
American Nuclear Society and 
Atomic Industrial Forum—recently 
pulled out (NU, June ’59, 28), necessi- 
Currie’s co- 


event 


tating a reorganization. 
members on the new Congress com- 
mittee are: John R. Dunning, Columbia 
Univ.; George E. Holbrook, du Pont; 
Wilbur E. Kelley, Associated Nucle- 
onics; and C. Rogers McCullough, 
Monsanto Chemical and chairman of 
the Advisory Committee on Reactor 
Safeguards to AEC. General chair- 
man of the 1960 Congress (April 3-8 at 
New York’s Coliseum) is Clarke Wil- 
liams of Brookhaven; program chair- 
man is E, B. Gunyou of Curtiss-Wright. 


Verne B. Lewis has been given a year’s 
leave from his post at AEC’s Hanford 
Operations Office (assistant manager 
for administration) to serve with the 
Brookings Institute on a program of 
executive development for federal offi- 
cials. At Hanford Works, operated for 
AEC by GE, Raymond L. Dickman has 
been named manager of a new section 
manufacturing—in the Irradiation 
Processing dept. 


Peter Viet 
has been named senior 


A veteran radiochemist 
Zuan Phung 
research analysist on the management 
sciences staff of Broadview Research 
Corp.; he will concentrate on opera- 
tions research and radiochemistry. 


Richard H. Graham, secretary to the 


Advisory Committee on Reactor Safe- 
guards for the last two years, has joined 
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General Electric’s Atomic Power Equip- 
ment dept. as consultant for product 
planning. 


Elizabeth Bush and Paul R. Klein have 
joined the research and development 
staff of Nuclear-Chicago. Miss Bush 
joined N-C from the Univ. of Illinois 


Medical School; she will work on detec- | # 


tor development. Klein left Joseph 
Kaye & Co. to direct N-C’s Physics 
dept. 


Kenneth Street, deputy director of 
Lawrence Radiation Laboratory, has 
been appointed professor of chemistry 
at the Berkeley campus of the Univ. of 
California, which runs Lawrence for 
AEC. A reorganization at Lawrence 
brought these changes: Harold Brown 
succeeds Street; and Gerald Johnson, 
Theodore Merkle and Duane Sewell 
were named associate directors. John- 
son will supervise Weapons Test Oper- 
ations and the Plowshare Program; 
Merkle will direct Project Pluto 
(nuclear ramjet); and Sewell will super- 
vise support activities for Lawrence 
programs. 


Nuclear Materials and Equipment | 


Corp. has added four people to its staff: 
Harold J. Garber, formerly of West- 
inghouse’s Atomic Power Dept., proj- 
ect director of plutonium work at 
Numec for AEC; Lewis J. Jones, form- 
erly of Bettis, metallurgy engineering 
on plutonium; Eber K. Halteman, also 
formerly of Bettis, physics; and Arthur 
M. Weis, formerly of Curtiss-Wright, 
manager of customer service and 
contracts. 


supplied the manpower for three new 
firms in the Oak Ridge area (see p. 128). 
Frank Porter and Ed Fairstein, instru- 
mentation specialists, have left the lab 
to create FairPort Instruments—a 
nuclear-instrument firm. Charles W. 
Hancher, a chemist, is heading up a 
group of past and present ORNL em- 
ployees under the name Chemical Sepa- 
rations Corp., available for equipment 
and research in the field. Francois 
Kertesz, also a chemist, has established 


Tennessee Technical Translators—to | 


be staffed by ORNL employees with 
both technical and linquistic talents. 


Kertesz’s partners in the venture in-| 


clude J. Lewin, engineer, S. Rimshaw, 
radiochemist and G. Watson, physical 
chemist. Mrs. R. Jermain of AEC’s 
technical information group, will col- 
laborate on nongovernment work. 
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for radiation 
measurements. 


The name Ekco Electronics, Ltd. signifies more than wo 
sentation and acceptance on six continents. Whether it 





rld-wide repre- 
be instruments 


for precise radiation measurements, unique laboratory research, reactor 
monitoring, public health and plant safety, or industrial gaging through 


isotopes, Ekco Electronics, Ltd. on the nameplate of 


an instrument 


represents the acme of excellence in design, performance, dependability 
and long-lasting value. An impressive list of companies and institutions 


throughout the world use Ekco equipment. 


Instruments shown above are a small part of the complete range of 
Oak Ridge National Laboratory has| instruments, accessories, and systems described in the EKCO catalogs. 





We cordially solicit your inquiry. 





---and of particular interest 


the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 
The EKCO Scintillation Counter has been thoroughly evaluated and 


proved in actual use. It is accepted as the best dollar value o 


Also quickly and easily converted for gamma counting! 


AVAILABLE FOR IMMEDIATE DELIVERY 





. convincing proof that superb instrumentation need not be expensive. 


n the market 








EKCO ELECTRONICS, LTD. 
In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 


Long Island City 6, New York 
ELSEWHERE: ¥Ekco Electronics Ltd., Sout 


TION—ARGENTINA—Tecnice industriel M YB. Buenos Aires + AUSTRALIA—Siemens 


WORLD-WIDE REPRESENTA Ee 
Sydney NS.W.+ Hae CONGO—Intair SC RL. Leopoidvilie > BELGIUM—Physique Industrielie, Brussels - BURMA—Mr S 
ing Devices of poneee, a Suess 4, Ontario + CHILE—Ja Cotomer, Santiago * DENMARK—Semier & Matthiessen 1 4: 
Scienta Hels: MOROCCO—Ets oO 
, Am 


° EGYPT —airmec rc Eevee Cairo + . 
GERM. bg oy Ah... eens . So jarmstadt * by ee Karayannis, Athens * HOLLAN: 
sergam* INDIA__National Exco Redio & E Ltd. Fort, Bornbay « (RELAND—Kelly & Shie! Ltd. 
Su Garrone. Rome + JAPA a he Co. Ltd, Kobe + NEW 
Osto * PORTUGAL — Spe. Som. Coches Sete & Co.. SARL... Lisbon +N. 4S. RHODES: 
S. Rhodesie * SCOTLAND—Tele-Care Ltd. Glasgow, C.1 * SIAM—Sino British (Siam) Ltd. Cone, ° 
* SPAIN—Tecnicas Nucleares SA Madrid + sweoEN— tne G Uliman., Stockholm UA 


hend, England 


ison =r an f Pty. Lite 


une 
inhi * FRANCE—Ets. Jovan, Paris Ge + FRENCH 


TH AFRICA—Kruger & Wilson L 
Y¥—Prescom Trading Co. Montevideo 
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(NUCLEAR CALENDAR 


CAMBRIDGE INSTRUMENTS para iasdees ienaieienaomins 
FOR MEASURING RADIOACTIVE EMISSIO ce ok eon Pome 


Society and National Bureau of 








Standards, Washington, D. C. (Sher- 


GAMMA RAY POCKET DOSIMETER - aton-Park). Contact L. M. Brans- 
comb, NBS, Washington, D. C. 


A personal protection instrument to measure cumulative ex- 
Posure to x- or gamma rays. The cylindrical case contains : 
an ionization chamber and a quartz fiber electrometer. es | — 
Standard range 0—200 ce el cota Size 43” x }” dia. ' Oct. 15-16— Radiation Effects Sympo- 
- sium of Glass Div., American Ceramic 
- Society, Galen Hall, Pa. Contact 
LINDEMANN-RYERSON ELECTROMETER | Norbert Kreidl, Bausch and Lomb 
An electrometer with high sensitivity and good stability. Does Optical Co., Rochester 2, N. Y. 
not require leveling. When reading, the upper end of the needle | 
is observed on a scale illuminated through a window in bottom | 
of case. Size 8.3 x 6.5 x 3.5 cm. Weight 0.17 kg. | Oct. 20- 21—Symposium on Reprocessing 
Nuclear Fuels, sponsored by AEC, 
Richland, Wash. Review of current 
POWER RECTIFIER technology for management and 
technical personnel. Contact J. T. 
Christy, Hanford Operations Office, 
USAEC, Richland. 


A.C. operated power unit to supply all voltages neces- 
sary for calibration and control of the Lindemann- 
Ryerson Electrometer. 


Oct. 26-28—Third Conference on Ana- 


PORTABLE PROJECTION VIEWER lytical Chemistry in Nuclear Reactor 
The Cambridge Viewer, used in conjunction with the Lind Technology, Gatlinburg, Tean. Con- 
. ality EE Ria ! a ae . hipped tact C. D. Susano, Oak Ridge Na- 
yerson Electrometer, facilitates observation of the deflection of the ; , 
electrometer pointer. tional Laboratory, P. O. Box Y, Oak 
Ridge, Tenn. (papers), or Tom Woods, 
Mer., Mountain View Hotel, Gatlin- 
Send for Complete Information rt (accommodations). 
CAMBRIDGE INSTRUMENT COMPANY, INC. 
3555 Grand Central Terminal, N.Y. 17, N.Y. - 2-6—Joint Meeting of Atomic In- 
ustrial Forum and American Nuclear 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS | Society, Washington, D. C. (Sheraton 
Park). AIF’s annual meeting sched- 
uled first three days (Nov. 2-4), ANS’ 
semiannual meeting begins third day 
(Nov. 4-6). For AIF meeting con- 
tact AIF, 3 E. 54th St., N. Y. 16, 
N. Y.: for ANS meeting contact ANS, 
86 E. Randolph St., Chicago 1. 


s 
SPECIALISTS im Nov. 2-6—4lIst National Metal Exposi- 
: : i 


tion and Congress, sponsored 


American Society for Metals, Chicago 

(International Amphitheatre, severa 

hotels). Includes symposium on the 

rare earths and related metals Nov 
2-3 (Sherman). Contact A. K. Mur- 
G RA 2 r| IT f ray, 1059 Leader Bldg., Cleveland 14. 
Nov. 4-6—National Automatic Control 

Conference, Dallas (Sheraton), spon- 
sored by Institute of Radio Engineers. 


Also participating: American Institute 
or of Electrical Engineers and Instru- 


NUCLEAR APPLICATIONS 








G. 8. Axelby, Westinghouse, Box 
746, Baltimore 3, Md. 


Nov. 4-6—Eastern Analytical Sym- 
posium and Instrument Exhibit, New 
York City (New Yorker), sponsored by 
four Eastern sections of Society for 


Applied Spectroscopy, among others 
necrrooe RO DIVISION | 
® | 


Nov. 12-13—Second Annual Texas Con- 
GREAT LAKES CARBON CORPORATION ||) eee eet eens te 
18 EAST 48TH STREET, NEW YORK 17, N.Y. + OFFICES IN PRINCIPAL CITIES |}| Contact George M. Krise, Radiation 


Biology div., Texas Engineering Ex- 
periment Station, College Station. 
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Nov. 15-20—Conference of Radiological 
Society of North America, Chicago 
Palmer House). Contact RSNA, 815 
Medical Arts Bldg., Ft. Worth, Tex. 


Nov. 16-21—Conference on Disposal of 
Radioactive Wastes, Monaco, spon- 
sored by International Atomic Energy 
Agency. Contact IAEA, 11-13 
Karntner Ring, Vienna 1. 


Nov. 19-20—Sixth Annual Meeting of 
the Professional Group on Nuclear 
Science of the IRE in conjunction 
with the New England Regional Elec- 
tronics Meeting, Boston, Mass. 
Commonwealth Armory). Contact 
Hugh Stoddart, Atomium Corp., 940 
Main St., Waltham, Mass. 


Nov. 20-21—Texas Symposium on Nu- 
clear Fusion, sponsored by Univ. of 
Texas and Texas Atomic Energy Re- 
search Foundation, Austin. Contact 
Texas Symposium on Nuclear Fusion, 
P.O. Box 8005, University Station, 
Austin. 


Nov. 26-29—International Conference 
on Legal and Administrative Problems 
of Peaceful Use of Nuclear Energy, 
Rio Piedras, Puerto Rico. Contact 
Prof. Jaro Mayda, University of 
Puerto Rico, Rio Piedras. 


Dec. 7-9—Seminar on Nuclear Ship 
Propulsion (with special emphasis on 
safety) sponsored by the Internationa] 
Atomic Energy Agency, Vienna. 
Contact IAEA 11-13 Karntner Ring, 
Vienna 1, Austria. 


Feb. 10-11—Symposium on Gas-cooled 
Reactors, sponsored by Franklin In- 
stitute and Delaware Valley Section, 
American Nuclear Society, Phila- 
delphia. To cover both U. 8S. and 
U. K. programs and include a British 
speaker at banquet Feb. 10. Contact 
Francis L. Jackson, FI, Philadelphia 3. 


Feb. 14-18—Annual Meeting of Ameri- 
can Institute of Mining, Metallurgical 
and Petroleum Engineers, New York. 
Contact AIMMPE, 29 W. 39th St., 
nN. &. 86, BR. EZ. 


Feb. 25-26—7th Scintillation Counter 
Symposium, Washington, D. C. 
(Shorr-ham). Deadline for abstracts 
is Dec. 15. Contact G. T. Reynolds, 
Princeton Univ., Princeton, N. J. 


April 3-8—6th Nuclear Congress, New 
York City (Coliseum). Includes 6th 
Nuclear Engineering & Science Con- 
ference, 8th Atomic Energy in Indus- 
try Conference and 6th International 
Atomic Exposition. Contact E. B. 
Gunyou, Curtiss-Wright Corp., 
Princeton, N. J. 


May 9-13—Instrument Society of Amer- 
ica, San Francisco. For papers on 
measurement and control instruments 
contact Martin E. Kantor, c/o General 
Atomic, P.O. Box 608, San Diego 12, 
Calif 
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COPES-VULCAN 


nuclear valves at 


ENRICO FERMI 


atomic power plant 


This liquid sodium valve is one of three 
Copes-Vulcan has furnished to serve as 
throttling devices in the blanket feed lines 
at the Enrico Fermi plant. 

In leak tightness of stem, resistance to 
corrosion, fail-safe operation, and remote 
maintenance, these valves meet the rigid 
requirements demanded by primary-fluid 
nuclear service. 


A new high in quality control. All 
welds were made by an inert arc, full 
penetration method to assure 100 % integ- 
rity: of the metal. Each root pass and 
completed weld was dye checked, each 
completed weld x-rayed. All sub-assem- 
blies and each final assembly were leak 
tested hydraulically. Each valve was then 
disassembled, cleaned, reassembled, in- 
spected by a mass spectrometer, and sealed 
for shipment. 

Extensive hydrostatic testing facilities 
at Copes-Vulcan include a hot test loop 
that will pass up to 50 gpm at 2500 psig 
and 600 F. Two cold test loops have 200- 
gpm and 800-gpm capacities. 


Nuclear valves for submarines, car- 
riers, atomic plants, and test reactors. 
For all these advanced projects, Copes- 
Vulcan is building valves. Here’s real proof 
of the acceptance of Copes-Vulcan’s skill 
and integrity in a field where precision is 
a critical requirement. You are invited to 
inspect Copes-Vulcan facilities. 


Valves are ‘“‘canned” with the inner assembly 
placed in a sealed container from which it can 
be removed by an automatic manipulator with- 
out draining the system. 


Copes-Vulcan Division 


BLAW-KNOX COMPANY 
Erie 4, Pennsylvania 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all empl ent opportunities 
—executive, management, technical, selling, office, skilled, manual, etc. 
Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Empioyment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


DISPLAYED ——— RATES——— UNDISPLAYED 


The advertising rate is $21.83 per inch for all $2.10 per line, minimum 3 lines. To figure 
—— appearing on other than a con- payment count 5 average words as a line. CAN you afford to be without— 
Contract rates quoted on re- Position Wanted ads are $ of above rate. RELIABLE 
he a inch is measured }{” vertically | henge gg phe Aesoadl is es FILM BADGE SERVICE 
on a column—2 columns—30 inches to @ advance for 4 consecutive insertions. asset oA noe oo 
H | or rormation—— : 
Net sulject em Ageasy Conmuinion. NUCLEAR SERVICE LABORATORY 


Sul ject to Agency Commission. 
Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. “Radiation Specialists” 
P. O. Box 1885 Knoxville 1, Tenn. 


~<a 


be. wattll 


WHERE TO BUY 


G 
lin 




















PHYSICAL METALLURGIST MAGNETITE and ILMENITE 


SALES MANAGER B.S. or M.S. Degree in metallurgy (0-5 Quatity HicH-Density SIzED AND 
years experience). Applicant should have a GRADED CONCRETE AGGREGATES FOR 
working ae of phase diagrams and NUCLEAR SHIELDING 
xperience with uranium, ‘ ' ‘ 


metallography. ) 
N CLEAR thorium and plutonium metallurgy is desir- Nuclear Shielding Supplies & Service, Inc. 
able but not necessary depending upon other h : x ° 
qualifications. 175 Main St. White Plains, N. Y. 


APPLICATIONS Send resume with salary requirement to: 
THE MOST EXPERIENCED 


Technical Employment Department 

General Sales Manager needed THE DOW CHEMICAL COMPANY FILM BADGE SERVICE 
ep ‘a OR Midland, Michigan ST. JOHN X-RAY LABORATORY 

to organize and direct a small g cosmen. va seats 

hard-hitting sales organization. Established 1925 


Our product, RADIFLO, is the 
fastest, most sensitive and eco- RESEARCH PROCESS ENGINEER 
nomical way to assure non- IN INDUSTRIAL RADIOISOTOPES 


destructive leak detec tion of Work includes wear studies, gauging radiog- 


raphy, activation analysis, isotope dilution, 


sealed components. Candidate etc. Engineering or scientific degree re- 


quired. Experience in atomic field desirable 


should have a background in Send complete resume to 


























PROFESSIONAL 
SERVICES 


selling capital equipment at a decieeh baal 


high level and with interna- International Harvester Manufacturing ASTRA, Inc. 


Research For Your Atomic Energy Problems 
> ; Nuclear Analyses. Reactor Specifications and 
to Corporate Director of In- 5225 S. Western Bivd., Chicago 9, III. Designs, Radiation Shielding Design and Anal- 
ysis, Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Analysis, Facilities 


dustrial Relations. Planning, Health Physics. 
P. O. Box 226 Raleigh, North Carolina 


ADDRESS BOX NO. REPLIES TO: Box No VAnce 8-4386 CABLE: *‘ASTRA 
AMERICAN ELECTRONICS ] Classified Adv. Div. of this publication 
mes SeMEW YORK 96: P.O. BOX 12 
NEW Y 36: P. O. BOX 12 
1025 West Seventh Street CHICAGO I1: 520 N. Michigan Ave 
: SAN FRANCISCO 4: 68 Post St INTERNUCLEAR COMPANY 
Los Angeles 17, Calif. 5 





tional experience. Send resume 

















Nuclear consultants, engineers, and designers 


POSITIONS VACANT 
Economics of Nuclear Power, Reactor Analysis 


and Design, Shielding, Special Applications 





Qualified Radio-physicist for large dept. of Radia- 
tion Therapy in Research Institute with 13 X-ray . 
generators ranging from 30 Kvp to 2 MEV. Op- Clayton 5 Missouri 
hae to follow own lines of investigation. 
xcellent retirement plan and other fringe benefits 


Wanted: Reply to: Personnel Director, Roswell Park Me- 
morial Institute, 666 Elm St., Buffalo 3, N. Y. 


H Physicist, M.S. or - PhD. for Radioisotope and c : 
Editor for Metabolic Research program of 727 GM&S bed The Consulting Engineer 
V.A. Hospital affiliated with Indiana University 
NUCLEONICS Medical hool. Work will consist of metabolic 
research and biological and medical applications 
of isotopes. Background in mathematics for dosime- By 
En ineer try, body distribution studies, statistics, and knowl- 
o edge of aenibee instrumentation required. Starting u ide experienc e ana tested ability 
with workin ex erience salary $7510 - = pe 4 annum, de pees on ; J? 
expe rience and education. Position is in the Career ° . . 
- 9 P Civil Service ond wis be filled through the on coupled with professional integrity, 
petitive system. Write Personnel Ofhcer. VAH , ° 
in reactor technology 1481 West Tenth Street, Indianapolis, Indiana. brings to his client detached én- 














reason of special training, 


gineering and economic advice that 


Send resume, salary POSITION WANTED 
requirements to Control Mechanism Design and Development Spe- rises above local limitations and en- 


cialist Several years experience many types anc compasses the availability of all 


naval and commercial. 


The Editor, NUCLEONICS | 3S 876, ss 
330 West 42nd Street é 


New York 36, New York Save! 1204 Discount On Technical Books. Pic-a 
Book, Box 4561, Washington 17, D.C 


modern developments in the fields 


where he practices as an expert. 
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EMPLOYMENT OPPORTUNITIES 


5 areas 
where the 


— = 
PHYSICISTS NUCLEAR ENGINEERS phys 1cisl 


m aes 


a 


iL ELECTRIC’S AIRCRAFT NUCLEAR PROPULSION ree 


eee 


ler s of developing nuclear propulsion for aircraft and 
‘in pinge upon many areas of theoretical and_ applied 
and must be carried on at a high level. 


Pett 


ents of unusual scientific interest are now open at General 
2 = ct ic in: 


' THEORETICAL INVESTIGATIONS 


Conduct theoretical investigations into areas of solid state physics with em- 
phasis on effects of neutrons and photons on matter. (PhD) 


RADIATION HAZARD STUDIES 


Develop experimental and theoretical approaches to evaluation and limita- 
tion of radiation hazard for personnel. (PhD or MS, BS with 5 years experi- 
ence Health Physics) 


INTEGRATION of NUCLEAR THEORY and EXPERIMENTAL TECHNIQUES 


Develop improvements in reactor theory and methods of reactor analysis. 
Combine advances in nuclear physics, transport theory and handling of large 
numerical problems on digital computers. (PhD, MS) 


ENGINEERS and ADVANCED and PRELIMINARY 


DESIGN STUDIES of HIGH PERFORMANCE REACTORS 
SCIENTISTS . : L ‘ , 
To identify and evaluate reactor types and configurations for future require- 
who value ments. Also REACTOR ANALYSIS and critical evaluation of existing and 
the opportunity proposed reactor designs. Interpret results of mockup critical experiments. 
to do original work, (PhD, MS, BS) 
are invited to inquire NUCLEAR SHIELD PHYSICS 
about positions A broad program requiring physicists and nuclear engineers, BS to PhD levels 
at the right. ... Shield physics experiments to develop fundamental data 
Please include ... Shield design and analysis for both present and future nuclear propulsion 
salary requirements systems 
with resume. ... planning, design and analysis of shield tests of both partial and full-scale 
mockup configurations 


Write to: Mr. P. W. Christos, Div. 48-MJ 
AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL @@ ELECTRIC 


P.O. Box 132 Cincinnati 15, Ohio 


All scientists have the advantage of large-scale computing equipment at the site, as well as supporting programming personnel, 
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EMPLOYMENT OPPORTUNITIES 





RESEARCH METALLURGISTS 
MATERIALS ENGINEERS 
CERAMIC ENGINEERS 

SOLID STATE PHYSICISTS 


Advanced Technology Laboratories currently can offer a number 
of senior and junior grade positions in connection with materials 
research and development programs in the nuclear field. 


Opportunities exist for metallurgists, ceramic engineers and solid 
state physicists to carry out both basic and applied research in 
connection with fuel element development programs. Materials 
engineers are needed for several advanced reactor design projects. 
A number of interesting investigations are currently in progress 
covering the fields of mechanical metallurgy, alloy development, 
and ceramic fabrication techniques. 


Send resume, in confidence, to Dean W. Townsend, American- 
Standard, Advanced Technology Laboratories, 369 Whisman 
Road, Mountain View, California. 


@) ADVANCED Zechmaloce LABORATORIES 


a. owsion of AmeEntcan-Standard 








NUCLEAR 
INSTRUMENTATION 


Permanent positions are available in 
our expanding Nuclear Physics Sec- 
tion for personnel with at least 2 
years of nuclear instrumentation ex- 
perience and a B.S. degree in 
Physics or Electrical Engineering. As 
a Foundation staff member you will 
have an opportunity to contribute to 
a wide variety of challenging indus- 
trial and military research programs. 


In addition the Foundation offers a 
professional atmosphere, competitive 
salaries and liberal employee benefits 
including generous relocation allow- 
ance, an excellent vacation policy, 
insurance and retirement programs, 
and the opportunity for tuition-free 
graduate study. 


Please send a complete resume to: 


A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 


10 West 35th Street 
Chicago 146, Illinois 





Needed in the field of 
ATOMIC ENERGY 


As contract operator for the Atomic 
Energy Commission, the National Lead 
Company of Ohio utilizes the latest 
technical equipment and technology 
to produce uranium fuel elements for 
use in nuclear reactors. 


@ STATISTICIAN: 


Involves statistical analysis and presentation of data. B.S. 
in any physical science or B.A. in math, minor in statistics. 
Minimum two years’ experience—industrial statistics. 


@ INSTRUMENT ENGINEER: 


B.S. degree in mechanical or electrical engineering. 
Minimum of 5 years’ experience in maintenance field in- 
cluding industrial instrumentation. 


Please send resumé of education, experience, and salary requirements to 


EMPLOYMENT SUPERVISOR, Dept. J-101, 


i Li Bgay -—~ 











P.O. Box 158, Cincinnati 39, Ohio 
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INTERNUCLEAR COMPANY 


NUCLEAR ENGINEERS, 
DESIGNERS AND 
CONSULTANTS 


World Wide Opportunities and 
Interesting Jobs for: 


Nuclear Engineers 
Reactor Physicists 


Reactor Instrumentation En- 
gineers 


In addition to salaries commen- 
surate with ability, Internuclear 
Company offers a share in the 
ownership of this employee-owned 
company. Contact 


INTERNUCLEAR COMPANY 
Clayton 5, Missouri 
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‘The CP-5 reactor at Argonne has been a pioneer research 
reactor for obtaining high neutron flux by the heavy-water, 


bs enriched-uranium principle. Basic knowledge in physics, 
chemistry, metallurgy, applied engineering and biological 


research has been advanced by experiments that depended 
POWE i ¥ D on this reactor. Now the CP-5 design is improved to yield 
still higher neutron intensity and new instrumentation ex- 
tending the ranges of measurement devised, making the 
FO R N EW reactor an even more important tool for Argonne scientists. 


STAFF POSITIONS AVAILABLE FOR QUALIFIED 

Physical Metallurgists, Chemical Engineers, Physicists, 
Mechanical Engineers, Metallurgical Engineers, Chemists, 
Electrical Engineers, Mathematicians, Technical Writers 


= Anyone 


/ 








y NATIONAL LABORATORY 
x 
Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 
Direct Inquiries To: 
DR. LOUIS A. TURNER, DEPUTY DIRECTOR 
L P.O. BOX 299-S4 + LEMONT, ILLINOIS 
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EMPLOYMENT OPPORTUNITIES 








* Reactor Physicists 

® Mechanical Engineers 

* Reactor Instrumentation Engineers 
* Reactor Metallurgists 

* Technical Report Writers 


of two years experience in nuclear energy. 


GENERAL NUCLEAR ENGINEERING CORPORATION 


has important contracts for 
the design and development of Gas Cooled Reactors and Boiling Water 
Reactors and has an immediate need for 


Applicants must have engineering or scientific degrees and a minimum 


Salaries will be commen- 


surate with ability, training, and experience. 
Send resumes to L. C. Furney 


General Nuclear Engineering Corporation 
Dunedin, Florida 











ATOMIC 
PERSONNEL, 


for those who are 


NUCLEAR FISHIN’ 


A NEW placement service for people in the nuclear 
field . . . wherever radioactivity is used or created. 
* Confidential handling! 


Send us your resume or Personnel requirements 


+ 
No Charge to Individuals 


ATOMIC PERSONNEL, INC. 


1518 Walnut Street, 


An Employment Agency for the Nuclear Field 


Philadelphia 2, Pa. PEnnypacker 5-4908 





NUCLEAR SCIENTISTS 
and ENGINEERS 


We have challenging openings in our Re- 
search & Engineering Division for men 
having a B.S. or M.S. degree in Nuclear 
Eng., Physics or Elect. Eng. We require 3 
to S years’ expericnce or equivalent grad 
uate work in Nuclear Instrumentation. Ex 
Perience in solid state electronics required 
Knowledge of reactor control highly desir- 
able. Send resume to 


MR. WAYNE L. BESSELMAN 
Coordinator of Technical Employment 


LEEDS & NORTHRUP CO. 
4850 Stenton Ave. 
Phila. 44, Pa. 








SENIOR PHYSICISTS 


Project leader positions which require _re- 
sponsible individuals with bac Lovee and in- 
terest in solid state physics, nuclear physics 
and electronics. Exceptional opportunity in 
dynamic organization specializing in services 
and instruments for radiation protection. 


rerebelanelt. 
for 
radiation 


N C 


130 ALEWIFE BROOK PKWY., CAMBRIDGE, MASS. 











STAFF NUCLEAR ENGINEERS 
Salary to $12,555 


Assume major responsibility for planning and 
participating in evaluation of the nation’s re 
actor programs. 

Substantial general experience in one or 
more of the various reactor concepts or spe- 
cialized experience in analysis and evaluation 
of complex heat transfer problems connected 
with reactor development. Relocation expenses 
paid. Send resume to 


Mr. A. W. Jackson 
Office of Personnel 
U. S. Atomic Energy Commission 
Washington 25, D. C. 


PHYSICISTS $16,000 
Our client, a major R&D organization devoted 
to nuclear reactors and their components 
urgently needs a theoretical physicist who will 
be responsible for developing a theoretical de- 
scription of reactor cores. Company client as- 
sumes interviewing, moving and agency ex- 
pense. Mail resume in complete confidence. 
ESQUIRE PERSONNEL 
202 S. State St., Chicago 4, Illinois 











ASSISTANT ENGINEERING 
MANAGER 


Expanding division of strong manufacturing firm 
in the electronic and nucleonic industry offers 
a desirable opportunity for a young man with 
supervisory potential. Salary $12,000 to $14,000 
Clients pay all fees. 


MONARCH PERSONNEL 
28 E. Jackson Boulevard Chicago 4, Illinois 








MANUFACTURERS REPRESENTATIVES 
WANTED 
for laboratory instruments (nuclear, medical, 
research) Southern and western states open 
NUCLEAR-OHIO INC. 
27105 KNICKERBOCKER RD 
BAY VILLAGE (CLEVELAND) OHIO 














MANUFACTURERS REPRESENTATIVE 


for complete line of Laboratory Furniture:— 
for Industry, Research Institutions, Hospitals 
and Schools, in these protected territories: 


Commission basis. Give full particulars and 
territory. RW-2548, NUCLEONICS, Class. 
Adv. Div., P.O. Box 12, N. Y. 36, N. Y. 








PLASMA RESEARCH 


The growing activities of our 
Plasma Research group now pro- 
vides an exceptional opportunity 
for experienced personnel with 
advance degrees to conduct theo- 
retical and experimental research 


on: 


¢ PLASMA PHENOMENA 


© ELECTRICAL DISCHARGES 
IN GASES 


¢ SHOCK WAVE 
PHENOMENA 


¢ ELECTRON BALLISTICS 


A few of the advantages of em- 
ployment with the Foundation in- 
clude competitive salaries, crea- 
tive work atmosphere, air-condi- 
tioned _ facilities, scientifically 
oriented management, and liberal 
benefits providing up to four 


weeks vacation and tuition-free 


graduate study. 


All replies handled confidentially. 


Write to: 


A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th Street 
Chicago 16, Illinois 
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EMPLOYMENT OPPORTUNITIES 








Research 
Scientists and Engineers 
with MS, PhD or ScD 


The Scientific Research Staff Invites 


SCIENTISTS AND ENGINEERS 
TO INITIATE ORIGINAL RESEARCH 


“The Scientific Research Staff of Republic Aviation Is Engaged 
In Performing Theoretical and Experimental Research In the Physical 
Sciences Vital to The Growth of Aeronautics and Astronautics. Qualified 
Individuals are Offered Generous Support In Carrying Out Investigations 
to Demonstrate the Validity of Ideas Leading To Significant 
Advances in The-State-Of-The-Art.” 


Members of Republic’s Scientific Research Staff have been carrying on independent 
investigation in a progressive research environment since the formation of the group 
three years ago. Each individual is encouraged to pursue areas of research in which 
he feels he may make the greatest contributions. 


The ability of this environment to aid in bringing theoretical concepts into the 
realm of feasible engineering has been amply demonstrated. An example is the Plasma 
Pinch Engine conceived by members of this staff. Originally backed by Republic 
funds, it is now receiving supplemental support under government contracts. Among 
other research in advanced stages are programs on lifting fans and new methods of 
structural analysis. 


TODAY THE RESEARCH STAFF 

IS BEING AUGMENTED — 

to emphasize existing areas gucnmadt TT008UEE 

and to open new ones. 

IF YOU FEEL YOU CAN 

CONTRIBUTE TO THE 

WORK OF THIS GROUP Supporting Republic's expanding effort in research and develop- 

R blic i d di , ment, a new Research Center, including 7 modern taboratories, 
epul ic 1S rea y to isCuss will be completed this year. One hour from New York City, yet 

your interests with you. situated in the center of Long Island, this laboratory is ideally 

Salaries are high, commensurate located for both working and living. 

with talent and creativity. 


wer 


Immediate Opportunities Exist for Scientists and Engineers with 
Appropriate Research Experience and Advanced Degrees in the Following: 


Nuclear Energy for Power Specialized Reactors for Industrial Uses of 
& Propulsion Military Applications Radioisotopes 


Interaction of Radiation Applications of Nuclear 
with Matter Explosives 


Write in confidence directly to Dr. Theodore Theodorsen, 
Director of Scientific Research 


IZ EPUIssssad AVIATTZaon 


Farmingdale, Long Island, New York 
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tion Shielding Windows. 


Borosilicates for Electron Tubes. 


Silver Phosphate Glass for Radiation 
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Cerium Stabilized Glass for Atomic 
Signal Lights. 


Lead Phosphate Glasses for Cerenkov 
Counters. 


The Technical Glass to fill your needs. 





PENBERTHY: 
INSTRUMENT CO. 


4301 SIXTH AVE so. ¢ SEATTLE 8, WASH. 





























NUCLEAR FUELS 
PROJECT ADMINISTRATORS 


Continued expansion at M & C Nuclear, Inc., the nation’s 
first privately owned nuclear fuels company, has created 2 ex- 
cellent opportunities in our Industrial Fuels Department for 
qualified project administrators. 


We need men capable of assuming over-all project responsi- 
bility for the development and production of advanced nuclear 
fuels. Duties will include analysis of fuel requirements, prep- 
aration of specifications, cost estimating, contract negotiation, 
and resolution of fabrication problems. 


Applicants should have at least a B.S. degree in Mechanical or 
Chemical Engineering, Metallurgy or Chemistry, and approx- 
imately 5 years’ engineering experience in the design or mate- 
rials-development phases of reactor technology. 


Attractive starting salary, relocation expenses, liberal em- 
ployee benefits. If you desire a rewarding career in marketing 
nuclear fuels for industrial application, send complete resume to 
Mr. Thomas A. Fowler. 


M& C NUCLEAR, INC. 


Attleboro, Massachusetts 


A Subsidiary of Texas Instruments Incorporated 
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Your new 
power plant or 
expansion idea 


Location correct? 
Capacity adequate? 
Readily financed ? 


Timely ? 


Kaiser Engineers designs and builds 
a wide variety of power plants and 


nuclear facilities. 


Among KE’s most valued services 
are sound, searching economic analy- 
ses, feasibility studies and site evalua- 
tions. Ina word—Pre-Engineering— 
impartial, outside analysis which 
helps you decide whether to proceed 
with, defer or modify the project. 


Kaiser Engineers offers you cost- 
saving, time-saving, one-company 
service from concept through start- 
up. 


KAISER ENGINEERS 


Division of Henry J. Kaiser Company 
Oakland 12, California 
Pittsburgh, Washington, D. C., Chicago, New York 





® KE projects include work in Ghana, Japan, Puerto 
Rico, Vietnam, as well as the United States. They en- 
compass such diverse assignments as nuclear fuel analy- 
sis, a nuclear research center, plutonium production 
reactor, steam-electric power station and a hydro-elec- 
tric plant. 
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Rel aTionAL NUCLEAR GRAPHITE... 


TRADE -MARK 


ev 
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Graphite Reflector For a Test Reactor 


Properties of “National” Nuclear Graphite UNMATCHED AS A MODERATOR, 
acoT | TSF REFLECTOR AND STRUCTURAL MATERIAL 


Graphite | Graphite 








Atomic Weight 12.011 | 12.011 Since its initial use in the first atomic reactor at Stagg Field, 
Density g/cm* 1.70 1.70 University of Chicago, “National” Nuclear Graphite has been 
the preferred choice as a moderator and reflector material. Now, 
with the demand for higher operating temperatures to provide 
increased thermal efficiencies, graphite offers even greater advan- 
Microscopic scattering tages because of its unique high temperature properties. 

cross section (barns)* 5.09 5.09 Why has this outstanding structural material become the favor- 
Macroscopic absorption ite of the nuclear industry? Because of its low atomic weight .. . 

cross section (cm' x 10°) 38.30 | 33.67 its extremely high purity ...its low neutron absorption. . . its 
: - ability to gain strength as temperature increases. . . plus the fact 
grr ster may 0.432 | 0.432 on it “- be easily machined to intricate shapes and extremely 

close tolerances. 

Average logarithmic energy Whatever your needs . . . a moderator, reflector, thermal column, 

decrement per collision 0.158 | 0.158 fuel element concepts, control rods, molds, crucibles . . . remember 
SLOWING DOWN POWER | 0.0684 10.0684 that no other material today has so many useful nuclear properties 


as does “National” Nuclear Graphite. 
MODERATING RATIO 177.5 | 203 
REFLECTING RATIO 1125 | 1285 
DIFFUSION LENGTH 49 52 
Write today for 


*at 2200 meters/sec. > “New 8-Page Brochure 
Table shows excellent nuclear properties of “National” . ‘National’ Nuclear Graphite” 
Nuclear Graphite. In addition, it is a structural material :—~ 
with superior high temperature properties. — el Site). | 


er Ne d=jie) 








Microscopic absorption 
cross section (millibarns)* | 4.50 3.95 









































National’’ and ‘‘Union Carbide’’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY . Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 





